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GEOLOGIC STRUCTURE 
OF THE ORE ZONE 


Urup and Beskes are among the important 

) pyrite deposits discovered in the last decade in 
; the western part of northern Caucasus. These 
‘deposits are located in the Peredovoy (Front) 
{Range, in the headwaters of Bol'shaya Laba and 
|Urupa rivers, which are the left tributaries of 
the Kuban, and are associated with a Paleozoic 
greenstone belt. They are 25.5 kilometers 
‘apart. 


Volcanic deposits, regionally metamorphosed 
to greenstone rocks, have been traced for 200 
kilometers along the Peredovoy Range. Their 
widest belts have been observed in the upper 
Bol'shaya and Malaya Labas, where their thick- 
ness reaches 2.5 kilometers; farther east and 
‘northeast, they split into two thinner zones. 


Because of the strong metamorphism and the 
lack of a fossil fauna, the time of formation of 
this greenstone sequence is not definitely clear. 
» Greenstone deposits in the Bol’shaya and Malaya 
'Labas basin are assigned to the lower Paleozoic, 
because of the presumably Middle Cambrian 
Archaeocyathid fauna found by V.N. Robinson 
‘in the 1920's in the Dzhentu Range limestone 
‘overlying green metamorphic schist. 


East of there, an Upper Devonian fauna was 

' found jater on in sedimentary-volcanic deposits 
‘along the Teberda and Aksauta rivers. Because 
'of a gradual transition from the fossiliferous 
rocks to the underlying greenstones, the volcan- 
ics were designated as Middle Devonian. Their 
composition is close to that of the Laba sequence, 


At the present time, volcanic deposits of 

the Teberda area and to the west are supposed 
to be Lower to Middle Devonian; greenstones 

of the Bol'’shaya and Malaya Labas basin and 

to the west are assigned to the Lower Cambrian. 

The age of metamorphic volcanics in the area 


! Geologicheskiye osobennosti obrazovaniya kolche- 
dannykh mestorozhdeniy zapadnoy chasti Severnogo 
Kavkaza. 


GEOLOGIC FEATURES OF THE FORMATION OF PYRITE DEPOSITS 
IN THE WESTERN PART OF NORTHERN CAUCASUS! 
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V.I. Smirnov and T. Ya. Goncharova 


between the Bol'shaya Laba and Teberda, par- 
ticularly the ore-bearing Urup sequence, is 
interpreted differently by different students. 
V.I. Dzhumaylo and Ye. A. Snezhko, who carried 
on geologic surveying in the Urup area, assign 
the ore-bearing sequence to the Lower and 
Middle Devonian. V.I. Robinson, who studied 
the volcanic section along the two Labas, corre- 
lates it with the Urup section and believes that 
the Urup and Beskes greenstone sequences are 
of the same age, i.e., lower Paleozoic. 


The greenstone sequence is represented by 
sedimentary-volcanic formations of a geosyn- 
clinal type. It is divided into two complexes. 
The lower complex is represented by strongly 
metamorphosed diabase and porphyrite, inter- 
bedded with phyllite. The presence of a great 


“number of interbedded intrusions of an inter- 


mediate composition (plagioclase porphyrites) 

is typical of it. The upper complex is marked 
by a considerable development of pyroclastic 
material and by a regular change in composition, 
from the most basic extrusives at the base to 
acid near the top (with intermediate varieties in 
between). A correlation of the Urup and Beskes 
sedimentary-volcanic sections is given in 
Figure 1. 


This correlation shows that on the whole the 
ore-carrying greenstone sequence persists 
over a considerable distance. 


In detail, however, the Beskes section is 
more complex; unlike the Urup section, it has 
two cycles of volcanic activity, beginning with 
lavas and culminating in pyroclastic formations. 
The Beskes ore deposit is stratigraphically 
somewhat lower than the Urup. 


GEOLOGY OF PYRITE DEPOSITS 


The Urup deposits are located in the north- 
west of the Peredovoy Range, in the headwaters 
of Urup River, a left tributary of the Kuban. 

The main body of the Urup deposit lies at the 
base of tuffs of an intermediate composition, 
which rest on quartz albitophyre. Small subor - 
dinate ore bodies are known from the underlying 
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flank. Developed immediately above the main 
ore body, in its hanging wall, is finely clastic 
tuff of an intermediate composition, alternating 
with tuffite and siliceous schist. The hanging 
wall in the central part of the ore body is made 
up of sealing-wax red jasper -like siliceous 
meta-shale, from a few tens of centimeters to 
25 meters thick. On the flanks, the siliceous 
shale is a typical sedimentary rock with radio- 
larian remains; it is a good marker horizon, 
usually without any mineralization. Only in 
rare instances does it contain sulfide incrusta- 
tions, chiefly chalcopyrite. Its contact with the 
ore body is sharp, either direct or across a 

>| Glavnoye thin zone of rapidly alternating red hematitic 
alivilesniiehinthe rocks and green quartz-chlorite schist, carrying 
sulfides in sparse incrustations and small 
accumulations. 


Verkhneye 


“AN — 


Bt 7 


cipcebithe The ore-bearing volcanics are folded into 


large gentle flexures, trending latitudinally. 
Traced in the ore site itself is an asymmetric 
anticlinal fold with a steeper south limb (dips 
of 40 to 50°) and a gentle north limb (dips of 
10 to 35°). Its axis plunges to the east. 


The south limb of this anticline is complicated 
by trough-like sedimentary downwarps separated 


» by transverse uplifts. The main ore body is 
2 P.s-]2 NZ related to the northern downwarp; mineralization 
[se V=Ale 7 ea is absent in uplifts (Fig. 2). 


The folded structures are complicated by a 
pre-Jurassic and post-Lower Jurassic faults. 
The largest of them are those limiting the ore- 


Figure 1. Columnar sections of volcanic 
rocks in the Beskes and Urup deposits. 


“A PE OME PSE NRE ERY TO bearing sequence on the north and the south. 
intermedi ate- compos tionsi3ans" basi ¢ptuff The Urup area moved down along these faults 
and tuffaceous lava; 4 -- quartz albito- to produce a graben with a fairly complicated 
phyre; 5 -- plagioclase porphyrite; 6 -- structure, 
diabase and diabase porphyrite; 7 -- phyl- 
lite; 8 -- copper pyrite deposits. The main ore body is represented by an 


extended tabular deposit of massive pyrite ores. 
This body, in sharp contact with the enclosing 
rocks, rests conformably on them, being folded 
rocks in quartz albitophyre (the Vlasnichikha in the same way. The subordinate ore bodies 
and Skalistoye deposits), as well as in the over- occur in conformable lentils. 
lying acid tuff (the Verkhneye deposit). 


The mineral composition of the ores is fairly 


Quartz albitophyre which makes up the floor simple, the principal ore minerals are pyrite, 
of the main ore body is marked by inconsistent chalcopyrite, hypogene bornite, and sphalerite; 
thickness, changing both along the strike and associated and rare minerals are galena, mag- 
along the dip. In the central sector, the quartz netite, hematite, tennantite; quartz, calcite, 
albitophyre is up to 100 to 130 meters thick; it chlorite, and sericite are the non-ore minerals. 
thins to 40 meters to the east and west. Massive and banded ores are most typical, with 

occasional breccia textures brought about by 

The enclosing rocks are tuff of an interme- post-ore deformation, and incrustation ores in 
diate composition, characterized by their vari- the floor rocks. The rock structure is granulo- 
able structure and size of fragments. Coarse blastic to cataclastic, less commonly blasto- 


clastic varieties, usually thin, gradually change _ porphyritic, with very rare relicts of metacolloid 
to finely clastic ones whichinturn changeto very ores. Banded ores are very common, with the 


finely clastic tuff and tuffite with layers of sedi- banding determined by an alternation of chalco- 
mentary rocks — siliceous and phyllitic schist. pyritic and pyritic sphalerite layers. A well- 
The thickness of intermediate tuff is not con- defined banding is typical of the bornite and 
stant, changing from west to east: inthe central sphalerite ores. The trend of banding always 
part of the deposit, it is 360 to 380 meters coincides with the bedding and schistosity of the 


thick, increasing to 450 to 500 m on the eastern enclosing rocks. 
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FIGURE 2, Generalized cross-section of the Urup deposit (main body) . 


1 -- Lower Jurassic sandstone and shale; 2 -- acid tuff; 
3 -- tuff of an intermediate composition; 4 -- phyllite intercalations 
in tuff; 5 -- a layer of jasper-like siliceous meta-shale in the 
hanging wall of the ore body; 6 -- quartz albitophyre; 7 -- diabase 
and diabase porphyrite; 8 -- a massive pyrite ore bed; 9 -- incrusta- 
tion ore in the floor of the ore body. 


In composition, the ores may be differenti- both along the strike and along the dip. 
ted into chalcopyrite, copper-zinc, and iron 
rite ores, regularly distributed in the ore Located in the central part of the main ore 
ody. The hanging wall usually is made up of body, between siliceous meta-shales of the 
hhalcopyrite ores; the central part, of a copper- hanging wall and the massive chalcopyrite ores 
inc mineralization; and the floor, almost is a quarttzitic bed. It has been traced over a 
ways of iron pyrite ores (Fig. 3). The dis- considerable distance, changing in thickness 
ribution of these ore types is fairly consistent from 0.2 to3 m._ Its contacts are rectilinear 
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FIGURE 3. Structure of the Urup ore body on the level of drift No. 8, 
from data of the Urup Geological Exploration Party. 


1 -- Siliceous meta-shale; 2 -- quartzite-like rocks; 3 -- quartz albitophyre; 
4 -- lamprophyre dikes; 5 -- oxidized ore; 6 -- massive pyrite ore with bornite; 7 -- massive 
pyrite ore with chalcopyrite and sphalerite; 8 -- massive pyrite ore with chalcopyrite; gene 
ith a commercial content of copper; 10 -- essentially pyritic 


essentially pyrite massive ore w : E ; 7 7 
massive ore; 11 -- commercial incrustation of sulfides; 12 -- non-commerical sulfide incrusta 


tion; 13 -- faults. 
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and sharp. It consists of tough monolithic 
rocks, often with incrustations and small aggre- 
gates of sulfides, usually of pyrite, also with 
fine chalcopyrite veinlets. No relicts of extru- 
sive rocks have been observed in them; on the 
other hand, they carry thin intercalations and 
lenses of sealing-wax red siliceous meta-shales 
corroborating their sedimentary origin. 


Quartz albitophyre in the floor, unlike the 
rocks above the main ore body, has undergone 
a distinct thermal alteration. Near the ore 
body, it is intensively chloritized; farther 
away, sericitized; still farther away, quartz- 
itized. Hydrothermal alterations in quartz 
albitophyre are accompanied by incrustation 
mineralization, a portion of which, in contact 
with massive ores, belongs to the commercial 
copper ores. The outline of the hydrothermally 
altered zone is sinuous, with offshoots away 
from the ore body, along weakened and more 
permeable zones, over a distance of a few tens 
of meters (Fig. 4). 


Intrusive rocks in the Urup ore deposit are 
few, being represented by isolated dikes of fel - 
site, granodiorite, and kersantite, occurring 
among phyllites; also by rare dikes of lampro- 
phyres among ore bodies and among rocks 
immediately contacting them. The lamprophyre 
dikes are fairly intensively altered, slightly 
faulted together with the enclosing ore bodies, 
and cut by chalcopyrite veins along fractures in 
near-wall segments and along the faults. 


The Beskes ore deposit is located in the 
northwest of the Peredovoy Range, in the Bol’ - 
shaya and Malaya Labas watershed. 


The enclosing rocks are bedded crystallo- 
clastic basic tuffs. The sequence underlying 
the ore is made up of massive, fine-grained 
diabase, locally metamorphosed, to chlorite 
schist. The sequence above the ore is extremely 
heterogeneous, being made up of agglomeratic 
tuffaceous lavas and breccia, of a basic com- 
position, interbedded with quartz albitophyre 
and quartz-chlorite schist. 


In the ore deposit area, the rocks are folded 
into large and gentle flexures trending north- 
west, with the deposit itself located on the 
northwestern plunge of an anticlinal fold; the 
ore body lies in its periclinal area. Post-ore 
normal faults are numerous. They repeatedly 
displace the ore body by a few meters, rarely 
by tens of meters. 


The tabular ore body is conformable with 
the emplacing rocks and is involved in all 
details of their structure (Fig. 5). Witha 
generaliy monoclinal position of the ore body, 
with a northeastern strike and northwesterly 
dips at 30 to 40°, it exhibits very gentle folds 
with axes parallel to the dip of the deposit. 
Contacts of the ore body with the enclosing 
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FIGURE 4. Geologic section of the ore body 


and enclosing rocks of the Main Urup Deposit 


| -- tuff of an intermediate composition: 


2 -- sealing-wax red siliceous meta-shale 
interbedded with. green siliceous schist; 3 -- 
quartzitic rocks; 4 -- massive pyrite ore witt 
bornite; 5 -- massive pyrite ore with sphaler- 
ite and chalcopyrite; 6 -- massive pyrite ore 
with chalcopyrite; 7 -- massive cupriferous 
pyrite ore; 8 -- massive pyrite ore; 9 -- 


incrustation ore in hydrothermally altered 
quartz albitophyre; 10 -- quartz albitophyre. 


rocks are fairly sharp; the near-ore alteration 
is insignificant. A bed of quartz albitophyre it 
diabase of the floor is appreciably sericitized 
and locally pyritized. 


The mineral composition of the ores is fair 
simple. The principal ore minerals are pyrite 
chalcopyrite, sphalerite, and galena; the non- 
ore minerals are quartz, calcite, chlorite, an 
sericite. 


Most common are massive and banded ores 
with incrustation mineralization less common. 
In fault zones, the ores are brecciated. Their 
structures are fairly diversified, the most cor 
mon being redeposition structures with cata- 
clastic phenomena and recrystallization, whic 
occurred during the process of metamorphism 


Massive ores are the most common; they 
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Cross-section of the Beskes deposit, after N.T. Butov. 


; ] -- agglomeratic tuffaceous lava and diabase breccias interbedded with amygdaloidal 
diabase and quartz-chlorite schist; 2 -- bedded crystalloclastic tuff of diabase, inter- 
bedded with massive fine-grained diabase; 3 -- massive copper pyrite ore; 4 -- pyrite 


| 
] 
FIGURE 5. 


incrustations; 5 -- faults. 


1ake up bulges as well as the hanging wall and 
iiddle parts of the ore body. As arule, banded 
dcks of various degrees of thickness and 
larpness in banding are located in the floor of 
ie ore body. Less commonly, they make up 

s entire thickness. The banding is due to dif- 
srences in mineral composition: dark bands, 
ich in sphalerite, alternate with lighter chalco- 
yritic and pyritic bands, and with non-ore 
linerals in lean varieties. Incrustation ores 

re rare and occur usually along flanks of the 

re body, where they wedge out or form small 
mes in the floor. 


VIEWS ON THE ORIGIN OF THE DEPOSITS 


The origin of the Urup and Beskes deposits 
as been interpreted differently by different 
Sologists who studied them. 


At the initial period of exploration of the 
2skes deposit, in 1950-1954, V.A. Mel'nikov 
id B.P. Nikitin regarded it as high-temperature 
ydrothermal, and genetically related to Her- 
nian granitoids known in the area, in small 
\dies. The presence of a large plutonic body 
as assumed in the middle of a dome-like fold 
ith which the deposit was associated. The 


ancestral intrusion, and consequently the min- 
eralization was supposed to be lower Carbonif- 
erous. This implied control of the pyrite 
deposits by dome-like anticlinal structures in 
pre-middle Carboniferous rocks with granitoid 
cores. 


At the present time, geologists working on 
the study and exploration of the north Caucasian 
pyrite ores form two schools of thought on that 
subject. 


The majority accepts A.N. Zavaritskiy's 
hypothesis [2] on the formation of similar depos- 
its in the Urals. Viewed in this light, the origin 
of the Urup deposit was first studied and set 
forth in detail by N.V. Ivanov [4]. He believes 
that this deposit is spatially and genetically 
related to the volcanics enclosing it. According 
to him, the ores were deposited as the result of 
a gel metasomatism of volcanic rocks, after 
their formation. The zones most susceptible to 
such a process were replaced in that way; in his 
opinion, they were the bedding planes of volcanic 
and sedimentary rocks and the contacts of vol- 
conic rocks of different acidity. Such was the 
origin of the conformable ore. Subsequently, 
the extrusive and extrusive-sedimentary rocks 
together with the ores they carried underwent 
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regional metamorphism. In that process, the 
volcanics were turned into schistose greenstone, 
while the ore bodies were flattened, with the 
texture and structure of their ores modified. 
The ores lost their collomorphic texture and 
acquired a granular one — mostly evenly- 
grained with clearly expressed clastic and 
blastic features. As demonstrated by those 
authors, the metamorphism was accompanied 
by selective and partial solution of the most 
mobile minerals, and by their local redeposi- 
tion, which led to the formation of banded 
textures and metamorphic veins, chiefly of 
chalcopyrite. These concepts of the origin 

of the Urup deposit were accepted as funda- 
mental by most geologists who explored for 
Paleozoic pyrite deposits of the Greater Cau- 
casus. They are reflected in reports of V.V. 
Gritsenko, K.P. Zagumennyy, O.A. Karosa- 
nidze, I.M. Manin, N. Ya. Ragozin, V.I. Sud- 
zilovskiy, and others. Corresponding to them 
are the results of a microscopic study of the 
Urup ores, by T.N. Shadlun [9]. 


In his study of the origin of the Urup deposit, 
I. Ya. Baranov [1] adhered on the whole to the 
basic premises of A.N. Zavaritskiy's hypoth- 
esis; he surmised, however, that a source of 
hydrothermal ore-bearing solutions might be, 
besides volcanic centers and hearths, hypa- 
byssal intrusions of syenite-granodiorite rocks, 
such as those discovered in the vicinity of this 
deposit. 


N.T. Butov, who directed the recent ex- 
ploration of the Beskes deposit, associates the 
formation of pyrite deposits with that of sub- 
volcanic quartz albitophyre, contemporaneous 
with acid extrusives which terminate the vol- 
canic sequence. In so doing, he times the 
mineralization with the concluding stage of 
volcanism and estimates the depth of formation 
of ore bodies at 700 to 800 meters. 


Some geologists believe that Paleozoic pyrite 
deposits of the northern Caucasus have no direct 
connection with the enclosing volcanics; they 
assign these deposits to post-metamorphic 
hydrothermal metasomatic formations. Pub- 
lished works of the advocates of such views are 
replete with various specific geologic and min- 
eralogic examples interpreted to substantiate a 
post-metamorphic origin of pyrite deposits. 

As an example, there is the paper of R.P. Tuzi- 
kov [8] on the origin of the Urup deposit. It 
cites some data on the relationship of dikes and 
ore bodies, on the schistosity of ore bodies and 
the enclosing rocks, on metamorphic veinlets, 
on certain textural and structural features of 
ores, and on ore fragments in the enclosing 
rocks. On the basis of these specific examples, 
the author comes to the conclusion that the ore 
bodies of this deposit were formed in schistose 
rocks, after their metamorphism. We are 
amazed not only by the one-sided interpretation 
of some geologic and mineralogic details in 


R.P. Tuzikov's paper, but by his inaccurate 
reporting of facts. For instance, that author's 
thesis of a pre-ore age of the dikes is based on 
the assumption of a different degree of dike 
alteration in the ore body and in the enclosing 
rocks. However, an extension of lamprophyre 
dikes cutting the ore deposits, in volcanic rocks 
beyond the ore bodies, is unknown to geologists 
Pebbles of pyrite size, important in the under- 
standing of the conditions of formation of these 
deposits, are known only from the hanging wall 
rocks, contrary to what R.P. Tuzikov says of 
their presence in the floor, etc. 


Another work which arrives at the same con- 
clusion is a paper of A. V. Netreba [6] on the 
origin of the Beskes deposit. On the basis of 
rather contradictory data on the relationship of 
the schistosity of enclosing rocks, the optical 
orientation of albite grains in them, and on the 
orientation of twinning sutures in sphalerite, 
A.V. Netreba comes to the conclusion that the 
pyrite ores were formed after the regional 
metamorphism generally had been terminated. 


G.M. Zaridze [3] believes that the Urup 
deposit has been formed as the result of a meta- 
somatic action of highly concentrated solutions 
on the enclosing rocks, much like that of alkalic 
rich granitizing solutions. The author believes 
this process to be generally much later than the 
formation of the enclosing sequence. He times 
it with the tectonic phase which has deformed 
the Paleozoic sedimentary-volcanic formation. 
The absence of granite massifs in this formatiox 
suggests to the author that in places perhaps, 
very active solutions rich in ore elements rise 
up from the depths of geosynclinal formations, 
instead of alkali-rich granitizing solutions; such 
solutions form metasomatic ore bodies. 


No less curious views on the origin of the 
Beskes deposit were voiced comparatively 
recently by N.S. Skripchenko. He believed that 
deposit to be hydrothermal metasomatic, forme 
considerably later than the regional metamor - 
phism of the volcanics. He arrived at that con- 
clusion by assuming (parenthetically, without 
any justification) that sulfide mineralization 
came about after the formation of faults which 
cut the metamorphic rocks. According to him, 
the pyrite bodies were formed in metasomatic 
replacement of hematitic quartzite beds whose 
intercalations are known to be present in pyrite 
deposits. These hematitic quartzite beds are 
primary sedimentary formations, having origi- 
nated as siliceous ferruginous colloids deposites 
during submarine volcanic activity and then 
recrystallized. In the N.S. Skripchenko concep 
they became pyrite deposits as a result of the 
action of post-metamorphic hydrothermal solu- 
tions saturated with hydrogen sulfide. 


A critical consideration of the arguments anc 
concepts of the above-named geologists is beyor 
the scope of this paper. Only a few of their 


yemises will be touched upon below. It should 
} noted, however, that a more careful and 
pmprehensive study of geologic and minera- 
‘gic features of the north Caucasian pyrite 
posits should force some of those geologists 

* recant and join the ranks of those who postu- 
ste a close relationship between the formation 
) Pyrite ores and that of the enclosing volcanics. 
ignificant in this connection are the latest con- 
ppts of N.S. Skripchenko who fairly convinc- 
ygly argues that the formation time for the 
)iZylkol sulfide deposits (in the upper course of 
t iudes River) is very close to that of the 
»lcanics. 


THE EXHALATION 
AND EXHALATION-SEDIMENTARY 
ORIGIN OF DEPOSITS 


_ Along with the majority of geologists who 
suied the north Caucasian pyrite deposits, we 
*lieve them to be genetically and spatially 
josely related to the enclosing volcanics. The 
pain arguments in favor of this idea are: 

1. Without any exception, all pyrite deposits 
id ore showings in north Caucasus are con- 

ed to volcanic rocks having undergone some 
sgree of greenstone metamorphism. The 

ree belts of volcanic rocks in the Peredovoy 
ange, 1 to 10 kilometers wide and 200 km long, 
-e known to carry three sizable copper -zinc 
rrite deposits and about ten ore showings. 
7rite deposits are unknown outside these vol- 
nic rock belts. 


_ 2. Within these belts, the maximum concen- 
jation of pyrite mineralization is toward the 
enters of volcanic activity, probably connected 
ith hearths of a central type. The most com- 
ete volcanic sections are observed here and 
.e maximum thicknesses of extrusive rocks, 
hich gradually decreases laterally, at times 
yainst the increase in thickness of pyroclastic 
iffaceous sediments. According to Ye. A. 
qezhko, one such volcanic center is located in 
ie Urup deposit; another one, according to 

.S. Kizeval'ter, lies in the Kizyl'kol deposit. 


3. The degree of metamorphism of the 

yrite ore corresponds to that of the enclosing 
»9cks. Metamorphism of the Urup and Khudes 
res, after it had been described by N.V. Ivanov 
{] and T.N. Shadlun [9], was confirmed by 

iany geologists and is no longer doubted by un- 
iased students. The following evidence sup- 
orts the fact of metamorphism: 


a) Rocks in the ore areas are schistose. 
he schistosity is most intensive in finely clas- 
c varieties and in near-contact zones of rocks 
f different competence, especially near the 
alls of massive pyrite ore; common in such 
ones are tectonic breccias, plication, and dense 
stworks of ore-free quartz-carbonate veins. 
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b) The wide development of banded ores 
complicates the primary structure of the ore, 
and the regrouping of minerals of different 
degrees of mobility, in regional dynamometa- 
morphism. 


c) The intensive shattering of ores, 
clearly is expressed in the most brittle mineral, 
pyrite, which is patched up with more plastic 
and mobile minerals — chalcopyrite and partly 
by sphalerite, in fractures. The cataclastic 
effect is manifested also in a close disposition 
of the shearing planes, corresponding to 
schistosity of the enclosing rocks. 


4. Streamer-like columnar quartz, coarse- 
scaled chlorite, and chalcopyrite is accumulated 
in "pressure shades" of coarse pyrite crystals 
in incrustation ores. 


5. Metamorphic "Alpine veins" are widely 
developed in enclosing rocks and in ores; these 
veins are quartz in acid, silica-rich rock; they 
are carbonate in basic plagioclase extrusives; 
and chalcopyrite and less commonly chalcopyrite- 
sphalerite in ores. 


6. The common purity of ore minerals, the 
scarcity of microscopic inclusions of other min- 
erals in them, the presence of chalcopyrite and 
sphalerite twinning, and the superposition of 
cubes on the dodecahedral grains of pyrite are 
evidences of recrystallization of ore minerals 
in the process of metamorphism [8]. 


The older Urup and Beskes deposits, associ- 
ated with lower to middle Paleozoic fairly inten- 
sive extrusive and sedimentary rocks, exhibit 
a degree of metamorphism greater than that of 
younger deposits in the upper Khudes course, 
where they are associated with less meta- 
morphosed upper Paleozoic volcanics. Ores in 
these younger deposits abound in collomorphic 
textures; they carry melnikovite, marcasite, 
opal, zeolites, and gypsum, absent in older 
deposits; and are marked by weak cataclastic 
phenomena. 


The strongest argument against assigning the 
north Caucasian pyrite deposits to formations 
syngenetic with the enclosing rocks, is the rela- 
tionship between dikes in the extrusive rocks and 
those in the ore bodies. Most of the ore beds 
are known to carry dikes, including lampro- 
phyres (Urup, Kizylkol) and diabase and diorite 
porphyry (Kizylkol). These dikes cut the ore 
deposits; at the same time, they are metamor- 
phosed in their own right, in places faulted 
together with the ore bodies, and carry fine 
veins of sulfides. These alterations, along with 
the presence of veins, led to the belief that the 
dikes had been formed prior to the ore bodies. 
This interpretation of the age relationship be- 
tween dikes and mineralization has been and still 
is the main argument of those who advocate a 
post-metamorphic origin for the pyrite deposits. 
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However, a detailed study of dikes and the 
ore bodies, particularly in the Urup deposit, 
shows that the alteration of local lamprophyre 
dikes does not have the specific features of 
hydrothermal metamorphism and is not differ - 
ent from metamorphism of the enclosing rocks. 
Furthermore, ore veins, represented chiefly 
by hair-like cracks in near-wall segments of 
dikes, are filled exclusively by chalcopyrite, 
i.e., by a mineral readily penetrating an ore- 
bearing rock, in the process of metamorphism. 
Finally, the extent of dikes is controlled by 
fractures breaking up the ore bodies. All this 
suggests the intrusion of dikes into ore bodies 
and their subsequent common metamorphism; it 
cannot be taken as evidence-of a post-meta- 
morphic origin for the pyrite deposits. 


A study of the geologic features of north 
Caucasian pyrite deposits shows that some of 
them exhibit evidence of being marine exhala- 
tion-sedimentary formations. Such evidence 
is most clear in the main body of the Urup 
pyrite ores. It is characterized by the following 
features: 


1. Regular stratification, only slightly 
complicated by an alternation of locally thicker 
and thinner segments. 


2. A definite stratigraphic position of the 
ore stratum, conformable with volcanic rocks 
enclosing it, in the middle part of the section. 


3. The position of the ore deposits at the 
base of marine volcanics represented by finely- 
clastic tuffs which overlie the extrusive part of 
the section. Both the extrusives and the tuffs 
are submarine formations, as witness the pres- 
ence in them of phyllite and siliceous meta- 
shale intercalations. Among the overlying 
coarsely clastic tuff, more porous and brittle, 
i.e., most favorable for metasomatic replace- 
ment, the mineralization is lacking. 


4. A close association of the pyrite deposit 
with a bed of sealing-wax red siliceous meta- 
shale whose original sedimentary nature is con- 
firmed by the presence of radiolarian remains. 
The main Urup deposit is terminated by these 
shales. Similar sealing-wax red meta-shales 
are known also from enclosing rocks of the 
Beskes, Kizylkol, and other pyrite deposits of 
north Caucasus. 


>. The association of the ore body — as 
demonstrated by Ye. A. Snezhko, G.I. Baranov, 
and N.A. Dobrorodnyy — with a trough-like 
depression in the vicinity of the Kutsaya Moun- 
tain volcanic uplift. According to Ye. A. 
Snezhko, a central type volcanic vent may be 
present in the latter area. 


6. The absence of any substantial and clean- 
cut pre-ore structural displacements: The ore 
stratum was folded together with the enclosing 


phe-onerite 


rocks; and together with them, it was broken by 
post-ore normal faults. Disjointed segments oF 
the same folds are traceable in adjacent fault 
blocks. This indicates that the folding which 
involved the ore body was older than the faulting 
7. .The simple, evenly distributed, fine- 
grained massive pyrite, formed as the result 

of a single-stage process. The gradual zoned 
change of copper ores to copper -zinc and pyrite. 
going from the hanging wall to the floor, is not 
controlled by any intra-ore structures and is 
demonstrated in the distribution of the strata. 
The local and very small accumulation of 
sphalerite and especially of chalcopyrite along 
fractures in the massive ore and enclosing 
rocks is readily explained by redeposition of 
these minerals in the process of metamorphism, 


8. The absence of evidence of metasomatic 
ore formation. There are no unreplaced rem- 
nants of enclosing rocks in stratified massive 
pyrite ores of the main body, in sharp contact 
with the enclosing rocks. On the contrary, 
locally present in the ore body, especially on 
the hanging-wall side, there are short and thin 
intercalations of green and sealing-wax red 
siliceous meta-shales. 


9. A very important fact, proving the syn- 
genetic origin of the main Urup ore body and 
the enclosing rocks, is the fairly common 
occurrence of massive pyrite ores in tuff above 
the ore. That was noted in early years of ex- 
ploration in the Urup. Fragments of such ores 
have been constantly recorded in the description 
of cores from boreholes which are the main 
means of exploration of the deposit. They occu: 
65 to 90 meters above the ore body, and higher 
up, mostly in coarse clastic tuff. The frag- 
ments are irregular in form, at times angular, 
more commonly oval, like marine pebbles, 
ranging in size from a crumb 4 to 6 centimeters 
along the major axis. Their mineral composi- 
tion is identical to that of the Urup ores. The 
sulfide grains within them show no signs of 
concentric zonation or radial arrangement. On 
the contrary, coarse sulfide grains are cut off 
by the fragments’ boundaries. The absence of 
growth zones in the pyrite grains, their utter 
purity, the development of a dense network of 
fine cleavage fractures close to each other, the 
presence of simple twins in chalcopyrite and of 
its hieroglyphic intergrowths with bornite, as 
well as the development of fine microscopic 
apophyses of chalcopyrite in schistosity planes 
of the enclosing rocks — all point to metamor- 
phism in common with the enclosing rocks. 

The presence of chunks of ore from the hanging 
wall in the clastic tuffaceous material (above) 
can be explained only by disintegration of a part 
of the ore body during the accumulation of the 
overlying rocks. ; 


10. A distinctive feature of the main Urup © 
ore body is the asymmetric character of the _ 


mtact alteration in the enclosing rocks. It 

|S noted during early exploration of the deposit 
id it figures as a specific feature of the latter 
‘reports of O.A. Karosanidze and other geolo- 
sts. Quartz albitophyre underlying the ore 

dy is chloritized, sericitized, quartzitic, 

sd sulfidic, locally over a distance of tens 

| meters. On the other hand, there is no 
ipreciable alteration of the overlying rock 
ipresented by siliceous schist and fine-grained 
f of an intermediate composition: Such a 
}e-sided alteration, on the hanging wall side 
one, can be explained only by a seepage of hot 
iineralized solutions through these rocks, 

th a subsequent passage of those solutions to 
‘2 sea bottom. 


CONCLUSION 


| In our opinion, the Urup and Beskes pyrite 
posits, like similar deposits in the northern 
jucasus, are syngenetic with the enclosing 
)dimentary volcanic rocks and are closely 
lated to the latter. These deposits were 

t med in geosynclines, in a pre-folding period 
j the latter's development, in the presence of 
/bstantial downwarping accompanied by a sub- 
arine flow of basic and intermediate lavas. 


| In periods of volcanic quiescence, hot gas- 
ater vapor emanations seeped through the lava 
heets, reworked them, and enriched the basin 
aters in silica, iron, and other elements. 
nese elements, finding themselves in the bot- 
m part of a marine basin, very different in 

3 physical chemical aspect, were precipitated 
various compounds and accumulated at the 
»ttom, mostly in natural basins. Depending 
the status of sulfur and oxygen, iron was 
yund either in sulfides or in oxides, now pres- 
it either as pyrite or as hematite. Sulfurizing 
ditions were predominant at first, with an 
ecumulation of pyrite; oxygen prevailed next, 
th the formation of siliceous hematitic bodies. 
or that reason, hematitic jasper -like meta- 
ies, associated with pyrite deposits, are 
ost often found on their hanging wall side. 

ae change from sulfide ores to red hematitic 
ycks commonly occurs through a zone of 
ternating thin green schist with a sulfide 
crustation; and by red sulfide-free hema- 
ach, 


When the mineralized distillates, on their 
ay through solidified lavas, encountered 
ructurally and lithologically favorable rocks, 
lditional ore-making did occur, with the 
rmation of typical sub-volcanic pyrite ore 
posits. Such are the ore lenses in the Vlasni- 
likha and Skalistoye deposits in the Urup. 
hey differ from the main body not only in their 
ySition in extrusive rocks, stratigraphically 
wer than the main body, but also in a normal 
ntact alteration of enclosing rocks on both 
des of the ore bodies. 
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The paths of mineralized volcanic distillates 
in the extrusive rocks are marked by numerous 
and extensive zones of lighter-colored and 
pyritic rocks. 


The recurring volcanic acitvity in the period 
of formation of extrusive-sedimentary rocks 
could have led to a recurring liberation of intra- 
and post-volcanic ore-bearing emanations and 
to the formation of independent ore deposits 
corresponding to consecutive stages of volcanic 
activity. This is verified by ore bodies in 
various intervals of stratigraphic sections of 
the Urup, Beskes, and other pyrite deposits 
of the north Caucasus. 


It follows from the above that in exploring for 
the most promising pyrite ore prospects in the 
north Caucasus, the following factors should be 
considered: 


a — stratigraphic factors, i.e., the associa- 
tion of pyrite deposits with definite parts of 
volcanic sections, specifically with breaks in 
volcanic activity; 


b — volcanic factors, i.e., the tendency of 
such deposits to occur near the centers of vol- 
canic activity; 


c — geochemical factors expressed by 
lighter -colored and pyritic zones in volcanic 
rocks in the area of occurrence of pyrite 
deposits; 


,_ d — structural factors as expressed in the 
accumulation of some pyrite ores in primary 
volcanic-sedimentary troughs; 


e — lithologic factors, determined by the 
paragenesis of pyrite deposits with beds and 
intercalations of sealing-wax red, siliceous, 
hematitic meta-shale and finely clastic, hema- 
tite-carrying tuff. 


The study of geologic conditions of the for - 
mation of north Caucasian pyrite began much 
later than that of the Urals, the Altay, and 
other areas of the Soviet Union, and abroad. 
The data on hand are still very limited and the 
conclusions based on them are of a preliminary 
nature. Therefore, the considerations on the 
origin of some pyrite deposits in the north 
Caucasus, as set forth in this paper, are also 
tentative, requiring further study. 
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ASSIMILATION PHENOMENA 
AS ILLUSTRATED BY MINOR INTRUSIONS 
OF THE GYUMUSHKHANA COMPLEX, ARMENIA! 


by 
A. P. Lebedev and E.G. Malkhasyan 


. The petrograph of one of the minor intrusions of the Gyumushkhana complex, made up of mon- 
+ Zonite with a gabbroid fringe and located in Eocene porphyrite is described. The authors explain 
j the formation of basic rocks in the peripheral zone of the intrusion by processes of assimilation 
of basement rocks underlying the volcanics. These processes took place at a comparatively 

i shallow depth (i.e,, by "sub-volcanic assimilation"). 


The major role of assimilation processes in The intrusive bodies are stock-like, extend- 
‘the petrogenesis of many minor intrusions in ing over 1.5 km4; in plan, they are round to 
the Caucasian fold zone ("‘neointrusions"') has elliptical. Their rocks are chiefly by mono- 
often been noted, first of all by D. S. Belyan- zonite, monzonite-diorite, and to a small ex- 

kin, V. P. Yeremeyev, and others. At the tent by alkalic gabbros, olivine-orthoclase 
same time, their views on assimilation, ex- gabbro (kentallenites), and olivine essexite. 
| pressed in general terms, were as a rule These varieties usually change from one to 
‘ seldom substantiated by a consideration of another gradually, without sharp contacts. 
specific environments and conditions, despite 
the fact that these conditions could have been The intrusive complex and the enclosing 
very different in each particular instance. An rocks are cut by dikes which are different at 
interesting example is one of the minor in- different places; they are diorite porphyyr 
_trusions in the Gyumushkhana complex of and diabase dikes; and quartz, micropeg- 
‘Armenia, discussed in this paper. Detailed matite, and aplitic veins. 
study affirms the substantial role played in its 
formation by processes of sub-volcanic or In the central part of the complex, corres- 
-hypabyssal assimilation. This intrusion was ponding to the Ambarial segment in the central 
| briefly described by one of the authors of this part of the Zivlikh Range, there are minor 
paper in collaboration with V. N. Kotlyar [13]. intrusions having a complex structure, formed 
The present paper goes into more detail on the by monzonite changing along the periphery to 


more and more basic rocks carrying plagio- 
clase, augite, biotite, and olivine, usually 
with a sulfide incrustation. In composition, 


_petrography and petrogenesis of this interest- 
ing complex, on the basis of new data. 


The Gyumuskhana group of intrusions is these rocks correspond to syenite and mon- 
located on the left bank of the upper Arpa, zonitediorite, alkalic and olivine-orthoclase 
within the Ambarial and Zivlikh area (Figure gabbro, and essexite. These intrusive rocks, 


1.). Individual outcrops may be seen north- chiefly from the Zivlikh stock (Figure 2), are 
east of Gndevaz village and near Akhkend described in detail, below. 

point. First to study this extremely interesting 
intrusive group was V. N. Kotlyar [12] whose 
work is still valuable. Subsequent study was 
directed mostly for mineral prospecting and 


MONZONITES AND SYENITES 


has contributed little to the petrographic data. Monzonite rocks are distributed chiefly in 
Some new material was gathered by E, G. the Ambarial area and in the central part of 
Malkhasyan in 1957. the Zivlikh Range. They are gray-green, 


medium- to coarse-grained (Figure 3). Their 
structure is monzonitic to hypidiomorphic- 
granular. Their mineral composition is plagio- 
clase (andesine), orthoclase, augite, biotite, 
apatite, magnetite. Secondary minerals are 


Yavleniya assimilatsii na primere malykh intruziy : > ng : gu 
r, 3 5 chlorite, epidote, sericite, calcite, and biotite. 


Gyumushkhanskogo kompleksa v Armenii. 
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FIGURE 1. Generalized map of distribution 
of the Gyumushkhana intrusive group. 


1 -- Middle Eocene pyroxene and horn- 


blende andesite; 2 -- Middle Eocene tuf- 
faceous sequence (tuffite, tuffaceous sand- 
stone and conglomerate; 3 -- intrusions 


of the Gyumushkhana complex; 4 -- hydro- 
thermally altered alunitized and quartz- 
itic rocks. 
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FIGURE 2. Generalized map of the Zivlikh 


intrusive body, 


] -- granitoid rocks; 2 -- gabbroids; 
3 -- anorthosite; 4 -- granophyre; 5 -- 
hornblende rock; 6 -- andesite; 7 -- tuffite. 


- fringence y - a = 0.005. 
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The plagioclase (36% of rock)? andesine 
(39% An, Dy = 51°, Da = 42°, DB = 74°) and 
shows crystals twinned ‘'on prism." 


This mineral has well-defined crystals, 
idiomorphic with relation to K-feldspar. As 
a result of decomposition of plagioclase, chlo- 
rite, sericite, and calcite have been formed in 
some crystals. 


K-Na-feldspar (35% of rock) is represented 
by xenomorphic crystals, up to 1.5 mm. Angle 
1 (001) B=9°; 2V ranges from -48 to -64°; 

y -a=0.006. Cleavage is very poorly ex- 
pressed along (010). Judging from these con- 
stants, the mineral is triclinic and is anortho- 
site. 


Augite (about 10% of rock) is generally light- 
colored in thin sections, ranging from color- 
less to light green. The crystals are up 2. 5 to 
3mm, in coarse-grained varieties. The min- 
eral shows twinning along (100), seldom along 
(001); y - a= 0.025; +2V = 57°; cy = 45-49%. 
Chloritization has been observed in many 
crystals, with individual crystals fully turned 
to chlorite; secondary biotite is developed in 
places in fractures. Some thin sections ex- 
hibit pyroxene of two generations, with the 
same optical properties, except that the first 
generation mineral has cy = 40° and +2V = 60°, 
which corresponds to diopside. 


Biotite (18 to 30% of rock) is represented by 
short tabular, brown, strongly pleochroic 
crystals, up 1.2to 1.6mm. In some crystals, 
it is a greenish variety hardly distinguishable 
from the primary brown biotite in optical con- 
stants. Chlorite is the end product of the bio- 
tite decomposition. 


Apatite forms elongated grains, up to 0.8 
mm long. y - a= 0.005. 


The ore mineral is magnetite which has an 
irregular isometric form in thin section. 


Secondary minerals, e.g., chlorite, epidote, 
sericite, calcite, and biotite, are especially 
abundant in strongly altered rocks. 


Chlorite is drab green, with a low bire- 

It is biaxial and 
negative. Asa rule, it forms radial aggre- 
gates. It is formed as a product of decomposi- 
tion of biotite and pyroxene and of a partial 
replacement of plagioclase. 


Epidote is a product of decomposition of 
pyroxene and plagioclase. It is greenish, with 


2These and subsequent quantitative figures on min- 
erals composition refer to rocks from the Zavlikh 
stock. 
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FIGURE 3. Monzonite. 


y - @= 0.030 (y - a= 0.0037). 


Sericite is formed on plagioclase and occurs 
only in isolated thin sections. 


Calcite, is subordinate in thin section, 
being developed on feldspars. 


Biotite has been observed only in isolated 
thin sections where it occurs in fractures in 
pyroxene as a decomposition product of the 
latter. 


The order of crystallization of minerals 
(on the basis of relative idiomorphism) is as 
follows: 1) magnetite 2) apatite 3) pyroxene 
4) biotite 5) plagioclase 6) orthoclase. Present 
among secondary minerals are chlorite, epi- 


‘dote, sericite, calcite, and green biotite. 


The chemical characteristics of these mon- 
zonite rocks is given in Table 1, analysis 1. 


Quartz syenite is a medium- to fine-grained 
leucocratic rock, with a panidiomorphic texture, 
consisting chiefly (85 to 90%) of idiomorphic 


‘tabular crystals of anorthoclase; dispersed 


among them are small xenomorphic bodies of 
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The Zivlikh Range. 
No. 94, in ore; natural size. 


Specimen 


clinopyroxene, commonly edidotic, also 
pocket-like formations of quartz, in places 
in small geodes; also geodes of Zoicite and 
quartzite, locally carrying sulfides. 


OLIVINE-BIOTITE-ORTHOCLASE 
LEUCOGABBRO 


A generalized description of alkalic 
olivine-orthoclase leucocratic gabbro and 
olivine essexite and kentallite is given in this 
section. These rocks constitute a single con- 
tinuous series of gabbroid rocks which form 
the peripheral parts of the Zivlikh stock and 
some other bodies. They all are similar in 
mineral composition, except for quantitative 
differences in mineral ratios. 


Macroscopically, they are gray-green to 
black rocks, medium fine grained. They 
consist of plagioclase (labradorite), mono- 
clinic pyroxene, olivine, K-feldspar, biotite, 
hornblende, apatite, and magnetite. Plagio- 
clase is predominate (Figures 4, 5) determi - 
ning the over-all leucocratic aspect of the rock. 
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Table 1 


Chemical soil analyses of the Gyumushkhan complex 


Monzonite 


G.M. Dzrbashan, 
IGN ArmSSR 


FIGURE 4, Leucocratic gabbro. 


Nicols crossed. 


50x; 


The texture is gabbro-ophitic to hypidiomorphic- 
granular. 


Plagioclase is represented by fresh-looking 
tabular crystals, up to 2 mm long. Its grain 
show in places more or less idiomorphic out- 
lines; more commonly they are allotriomorphic. 
The irregularity of plagioclase outlines ap- 
parently is partly due also to resorption cor - 
rosion. 


Plagioclase exhibits a clean-cut twinning 
according to the albite, Carlsbad, and other 
rules (Da =35° (Dy?) DB=63. 5°; Da=69°; 
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FIGURE 5. Olivine leucocratic essexite. 


50x; Nicols crossed. 


Py = 35°; PB = 69°; Pa = 63.5° and Dy = 60°; 
DB = 72°; Da= 35°), which corresponds to 
labradorite (62 to 64% An). 


Plagioclase crystals are usually fresh, with- 
out appreciable signs of secondary alteration. 
In places, they contain small inclusions of 
apatite, olivine, monoclinic pyroxene, and ore 
minerals. Some plagioclase crystals show a 
weak zonation; locally they form antiperthitic 
growths with orthoclase. 


Monoclinic pyroxene is developed in two 
generations. Colorless coarse crystals up to 


jmm is probably diallage; varieties with 
sregular outlines are allotriomorphic with 
tlation to plagioclase. This mineral shows 
! 211 defined cleavage along (100) and ex- 
jiction cy = 44 to 46°; +2V = 59 to 60°; y - 
f= 0.025. 


Diopside has been observed in places in 
clusions in diallage. Its optical constants 
ne: cy = 40 to 42°; 2V =+55°; y - a= 0.027. 
jiis indicates its lower iron content compared 
ith diallage. 


_ Along the periphery and the cleavage planes, 
7roxene is locally replaced by uralite horn- 
ende which in turn is replaced by biotite 

id chlorite. It should be noted that the edges 
| diallage grains show a very interesting de- 
elopment of some acicular mineral with a 

'w birefringence and positive elongation. Be- 
use of the very small size of the needles, it 
yuld not be identified. 


_ Olivine (up to 15% in most melanocratic 
‘embers of the complex) forms grains up to 
8mm _ indiameter, idiomorphic with re- 
‘tion to plagioclase and pyroxene; they rarely 
iow regular crystallographic outlines. Asa 
ile, the mineral has been considerably cor - 
yded in the crystallization of the melt. 


The olivine grains are broken up by a sys- 
tm of irregular fractures, with chlorite and 
2rpentine developed along them; y - @ = 0.036; 
V = 78 to 86°, which corresponds to hyalosi- 
erite Fa94-34. They carry small inclusions 

f apatite and magnetite and are hemmed in 
laces by a thin reaction film of hornblende. 


' Anorthoclase is represented by grains 
learly xenomorphic with relation to plagio- 
.ase and pyroxene and filling the interstices 
etween them. Angle tl (001), B= 6 to 8°, (-) 
V = 43°, suggesting anorthoclase. y-a= 
.006. Individual grains of K-feldspar have a 
1icroperthitic texture expressed in a multitude 
f worm-like inclusions of acid plagioclase. 

he cleavage is poorly defined. 


There are inclusions of plagioclase and 
ther, earlier precipitated minerals. 


Biotite forms scale-like plates, up to 1.5 
um long. They show strong pleochroism 
-om dark-brown along y to light-brown along 

Biotite commonly forms inclusions in 
rystals of plagioclase and K -feldspar. 


Hornblende is represented by two types: 
rimary hornblende (not over 1% of total rock), 
rystallized out of the magmatic melt; and 
econdary uralite, developed on pyroxene. 
he primary hornblende forms thin reaction 
-inges about some olivine grains. y - @ of 
1e mineral is 0. 019 to 0. 021; cy = 21°; pleo-~ 
hroism from drab green along @ to yellow- 
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green along y, and green along £. 


Apatite and magnetite are considerably 
developed among accessory minerals. 


Apatite is represented by both fine and 
large, up to 1 mm elongated grains, idio- 
morphic prismatic in habit, with typical hexa- 
gonal sections; it is usually colorless in thin 
section, 


Magnetite forms considerable irregular 
accumulations in some thin sections. 


Chlorite is most commonly developed on 
olivine, less commonly on pyroxene and sec - 
ondary hornblende. Usually, it occurs in 
fine pale-green leaflets and scales. 


Uralite is developed along the periphery 
and fractures of pyroxene grains, replacing 
the latter. In its turn, uralite hornblende is 
replaced by biotite, chlorite, and calcite. 


Calcite forms rare irregular bodies and re- 
places nearly all other minerals. 


The character of crystallization and the 
order of mineral precipitation (on the basis of 
relative idiomorphism) is as follows: acces- 
sory minerals (ore mineral and apatite) 
crystallize first, followed by olivine, diopside, 
diallage, plagioclase, hornblende, biotite, 
and K -feldspar. 


The chemical characteristics of these rocks 
is given in Table 1, analyses 2, 3, and 4. 


ROCKS OCCURRING IN LENSES 
AND SCHLIEREN 


Anorthosites make up schlieren- or vein- 
like bodies, up to5 m_ long and up to 1 m 
thick, located in the central and intermediate 
(between center and periphery) parts of the 
Zivlikh intrusion. Externally, they are more 
or less light colored, medium to fine grained 
(1 to 2.5 mm) rocks, mostly with a panidio- 
morphic trachytoid texture, with a definite 
orientation of crystals (Figure 6). The plagio- 
clase laminae (leists) are of about the same 
length; scattered among them are short pris- 
matic sub-ikiomorphic crystals of clinopyroxene 
(up 5 to 8%), with the interstices filled with min- 
erals of a late igneous or autometasomatic 
complex, e.g., epidote, biotite, actinolite, 
chlorite, sericite, serpentine. 


Plagioclase is represented by an almost non- 
zoned labradorite (extinction angle in zone L 
RM is 32 to 34°) and is extensively replaced by 
paragonite and zoisite. Clinopyroxene forms 
aggregates of irregular, fine grains and ex- 
hibits a pale greenish color. Gradual transi- 
tions have been observed between syenite and 
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FIGURE 6. Anorthosite. 64x; 


Nicols crossed, 


anorthosite in the contact with the syenite- 
monzonite facies of the central part of the 
Zivlikha intrusion. In anorthosites, irregular 
bodies of epidote and quartz appear in inter - 
stices of the plagioclase laminae (leists); sye- 
nite, on the other hand, becomes enriched in 
small plagioclase crystals growing in inter - 
stices between microcline grains. The chemi- 
cal composition of anorthosite is given in 
Table 1, analysis 6. 


Like anorthosite, granphyres form lenses 
and schlieren-like bodies in gabbro-syenite of 
the Zivlikh massif. Seen in thin section (Fig- 
ure 7) is an aggregate of micropegmatitic 
growths of quartz and anorthosite, with local 
spherulites of pure K-feldspar and a totally 
decomposed basic (?) plagioclase. The rock 
is rich in quartz which fills the interstices. 
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CONTACT AND HYDROTHERMAL ACTION 
OF THE INTRUSIONS 


The contact effect of the Gyumushkhana 
intrusives on the enclosing rocks was fairly 
strong and leads to the appearance of the 
following: a) quartz-feldspar and feldspar 
hornfels; b) secondary quartzite; and c) alunite. 


Hornfels originates in the action of a mon- 
zonite magma on the enclosing volcanic rocks, 
andesite and tuffite. The contact halos, re- 
presented by hornfels, are traceable in a band, 
locally up to 60 m wide. These recrystal- 
lized, dark, fine-grained rocks belong to 
quartz-feldspathic and feldspathic hornfels. 


The hornfels is mostly allotriomorphic; 
hornfels away from the contact is blastopor - 
phyritic with porphyroblasts of plagioclase. 

Its mineral components are plagioclase (an- 
desine, labradorite), monoclinic pyroxene 
(diopside, augite), orthoclase (in small 
amounts), hornblende, and tourmaline (only 

in the immediate contact zone). Some isolated 
grains carry magnetite, apatite, and garnet 

(1 to 3 grains per thin section). 


Secondary quartzite makes up the area as 
far as the Zangezur Range water divide, the 
Kysyr-Dag Mountain. According to V. N. 
Kotlyar [12], these rocks were formed as a 
result of the activity of post-magmatic solu- 
tions which originated in the intrusive magma 
itself and were activated by the assorted com- 
pounds they carried along, including silica. 
Probably connected with the action of the same 
solutions was the alunitization widely developed 
on the western slope of the Kysyr-Dag and 
in the Zivlikh Range. 


FIGURE 7. 


Granophyre. 
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PROBLEMS IN PETROGENESIS 


| From the above data it appears that the 
ivlikh intrusion (as well as the other intru- 
| 

q 

; 


sions of this group) is characterized by its 
omplex petrographic composition, with the 
yresence of two rock series (not counting the 
schlieren and vein rocks): 1) monzonite- 
syenite and 2) leucogabbro-essexite- 


Such a complexity in composition, present 
iis it is in a comparatively small volume of 
tock, is characteristic of many other minor 
Mtrusions, as well, similar to ours in form, 
limensions, and geologic position. Especially 
“haracteristic in this respect are Mesozoic and 
wWertiary "neointrusions'' widely developed with- 
in the Caucasian fold belt. 


Thus, according to G. R. Chkhotua [19], 
small circular intrusions are common in the 
surassic of Abkhaziya. They are made up of 
monzonite and gabbro (with up to 15% olivine) 
j:losely connected with transitions, and locally 
shanging to anorthosite. In the Gubadzeul 
basin, a young intrusion, 2 x 1 km, in Eocene 
‘uffaceous porphyrite, is made up of diversified 
‘ocks — from quartz syenite to monzonite and 
iliorite [17]. 


In Adzhariya, a small intrusion in Mesozoic 
yorphyrite along Khala-Tskahali River consists 
xf gabbro-syenite in the center, and of gabbro 
(long the periphery; all these rocks are cut 
oy aplite veins. The gabbro, according to 
7. P. Yeremeyev [6], is of an assimilation 
yrigin. The neighboring Dzhoga intrusion is 
yf a similar structure. 


In the Abakur neointrusions (Svanetiya), too, 
here is a close association of intermediate 

ind basic rocks, from diorite to gabbro and 
yroxenite (in patches within the gabbro). The 
rabbroids are marked by their high calcium 
content [7]. Similar compositional features 
dave been noted by Sh. A. Azizbekov for some 
ninor intrusions in Azerbaydzhan [2]. The 
<hevisdzhvar neointrusion (the Dzirul'’ massif 
n Georgia) is made up of acid banatite, in its 
central part, and of monzonite and diorites 
long the periphery [10]. 


. 


) Expressed more or less definitely in all of 
hese intrusions penetrating porphyritic rocks 
the increase in basicity from the center to 
he periphery — toward the contact. This 
-egularity is common in small as well as 
arger intrusions. According to D. S. 
3elyankin et al [3], the smaller the intrusion, 
he more basic its composition, on the whole. 


From the examples cited, the number of 
which could be considerably multiplied, it is 
-easonable to conclude that, in petrographic 
composition (intermediate to basic) and in 
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structure, the Zivlikh and other intrusions of 
the Gyumushkhana group belong to the most 
common type (in the Caucasian fold zone) 

of heterogenous minor intrusions of a gabbro- 
monzonite composition, with their basicity 
rising toward the periphery. Most authors 
ascribe this structure to the assimilation 
phenomena, without giving, however, any more 
or less detailed description of the mechanism 
involved in any particular example. 


Different explanations can be advanced for 
the structure of the Zivlikh and similar in- 
trusions. 


First, it can be assumed that both rock 
series, the intermediate and the basic, belong 
to two different intrusive phases, i.e., they 
were related to the intrusion of two independent 
magmatic melts, of an intermediate and a 
basic composition, arising from depths in a 
definite sequence. : 

From this point of view, the Zivlikh intru- 
sion can be compared to annular conic intru- 
sions, which occur, e.g., on the Island of 
Mull in England and in other places. The 
absence of sharp intrusive contacts between 
rocks of different facies, the absence of tem- 
pering, brecciation, and interpenetration are 
against such an assumption, however; in ad- 
dition, there is the presence of gradual tran- 
sitions between rocks of all series. It also is 
hardly probable that such small intrusions were 
formed_by differential intrusion of two kinds of 
magma originating from sources different in 
composition yet very near each other. 


The phenomena observed are equally difficult 
to explain by differentiation of a magma in situ, 
at the place of its cooling. On one hand, this 
would contradict the above-mentioned evidence 
of a blastic growth of minerals and the gen- 
eral unevenness of structures and textures in 
the gabbroid series — both a clear evidence 
of hybrid formations; on the other hand, the 
spatial relation of rocks in a massif, too, is 
obviously out of accord with the concept of 
gravity fractionation and similar processes. 


Accordingly, one must turn for an explana- 
tion to the assimilation concept. Such was the 
general view on the Gyumushkhana intrusions 
held by one of the authors of this paper (E. G. 
Malkahasyan) and V. N. Kotlyar in his 1957 
work [13]. They believed that the gabbroid 
varieties of rocks of this complex originated as 
a result of assimilation of the enclosing Eocene 
volcanics by a granitoid magma. This is cor- 
roborated, in their opinion, by the abundance of 
xenoliths in peripheral parts of the intrusions. 
The formation of complex Caucasian neointru- 
sions is ascribed to assimilation also by D. S. 
Belyankin and other authors. 


In fair accord with the assimilation concept 
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are a number of the above-mentioned features 
of these intrusions, such as the association of 
gabbroids with the contact, the lack of stability 
in the structure, texture, and mineral composi- 
tion, as well as other features generally typi- 
cal of hybrid formation [1, 9]. 


At the same time, a more detailed study of 
material on the Gyumushkhana intrusive group 
shows that the petrologic and spatial relations 
of their rocks are unexplainable solely by the 
direct effect of magma on the contacting rocks; 
the solution to the problem is much more com- 
plicated. 


A study of the composition and structure of 
rocks of the two series, the intermediate and 
the basic, reveals the following features. 


Rocks of the first series (monzonite- 
syenite) generally do not differ in composition 
from normal igneous rocks of an alkalic 
magma. There are some differences, such as 
the slightly higher lime content and certain 
variability in mineral composition. 


magnesium content; by the evidence of resorp- 
tion of plagioclase; and by the local appearance 
of blastic structures. Rocks of this series 
make up only a narrow peripheral band, 2 to 

5 m wide, outlining the monzonite body. Such 
a characteristic occurrence, at the contact, 
along with the abundance of xenoliths of the 
enclosing rocks (andesitic porphyrite), indeed 
appear to suggest the formation of the second 
series rocks by a direct assimilation of por- 
phyrite by the monzonite magma. This, how- 
ever, is contradicted by some facts. 


First of all, it appears from Table 1 and the 
diagram in Figure 9, that the chemical com- 
position of gabbroids is not intermediate be- 
tween the composition of "lateral"’ andesite 
and the monzonite from the central part of the 
intrusion. Generally speaking, these mon- 
zonites and andesites are very different in 
composition. The gabbroid series rocks (see 
Table 1) differ from monzonites and andesites 
by their dificiency in Si, and in the high con- 
tent of Al, Mg, and Fe, and toa smaller ex- 
tent of Ca (the latter only as compared with 


Aa 


FIGURE 8. 


as 
oy. 


Diagram of numerical characteristics 


of rocks from the Zivlikh intrusion; after 
A. N. Zavaritskiy. 
The vector figures correspond to the 
analysis numbers in Table 1. 


Rocks of the second series (leucogabbro- 
essexite-kentallenite) cannot be assigned to 
the normal magmatic series, because of their 
structural and textural instability and because 
of their peculiar chemical composition. They 
are characterized by inconsistent mineral 
ratios, by an occasional simultaneous presence 
of granophyre and olivine; by the greater im- 
portance of alkalies, especially of sodium and 
calcium, (Figure 8), by a lower iron and 
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monzonite). Only in their alkalie content do 
the gabbroids occupy an intermediate position 
between monzonites richer in alkalies and 
andesites poorer in them. 


On the whole, then, the monzonite and an- 
desite are almost identical in composition, 
save for the small deficiency in alkalies, mag- 
nesium, and calcium in the latter. 
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FIGURE 9. Diagram of content of individ- 
ual oxides in rocks of the Zivlikh 
intrusion and in the enclosing rock. 


An assumption to the effect that gabbroid 
rocks of the peripheral zone were formed by 
a monzonite magma which reworked andesite 
rocks would imply an addition from the magma 
not only of alkalies and calcium but of such 
components as iron and magnesium, as well. 
While the calcium and magnesium addition is 
substantiated by the presence of newly formed 
granophyre, biotite, and amphibole in gab- 
broids, there is no evidence of any addition of 
iron and magnesium; furthermore, neither the 
olivine nor the pyroxene carry any signs of a 
blastic origin. 


Thus the presence in the gabbroids of such 
minerals as olivine and pyroxene cannot be ex- 
plained here by an addition of iron and mag- 
nesium, either from the enclosing andesite 
nor from the monzonite magma itself (be- 
cause both are poorer in these components than 
the gabbroids). Consequently, it must be 
assumed that, despite the number of obvious 
criteria indicating a hybrid origin of these 
rocks, it cannot be explained by assimilation 
processes in situ. 


It is most probable that at a certain definite 
stage of crystallization of this intrusive body, 
there existed a sharply differentiated melt, 


previously contaminated by more basic 
material at a greater depth. Segments of such 
a contaminated or anatexic magma of a gab- 
broid composition should have originated most 
likely at a shallow depth (inasmuch as the com- 
position of this anatexic solution remained 
unequalized), through fusing of rocks more 
basic than the near-contact andesite. The 
possibility of a partial assimilation of lime- 
stone is not excluded, inasmuch as there are 
examples of the appearance of a basic, almost 
pyroxenitic composition in rocks, resulting 
from interaction of an acid magma and lime- 
stones (for example, as described for the 
Pyrenees by A. Lacroix [20], etc.). Inthe 
further course of events, the juvenile (mon- 
zonitic) and the anatexic (gabbroid) portions 
of the melt crystallized simultaneously and 
parallel to each other, partially penetrating 
each other by diffusion. Judging from the in- 
complete equalization (homogenization) of the 
anatexic gabbroid magma, the contamination 
took place at a comparatively shallow depth. 


It can be assumed that the main transforma - 
tion factor probably was not the higher tem- 
perature of the magma, alone, but the abun- 
dance of volatiles in it (as witness its activity 
at the contacts). The presence of anorthosite 
schlieren in the intrusion is probably also due 
to the effect and the further evolution of the 
anatexic melt. According to T. M. Dembo 
[5], in the differentiation of the liquid phase 
in an anatexic magma, subsequent crystalliza- 
tion may lead to the formation of a mono- 
mineral rock, such as anorthosite, which is 
indeed confirmed in our study. 


Thus, the origin of hybrid rocks under con- 
sideration and the formation of an anatexic 
gabbroid magma are related to processes of 
"sub-volcanic assimilation" which take place 
during the rising of a magma through zones of 
intensive folding, at comparatively shallow 
levels, in the formation Zone of minor intru- 
sions and near-surface hearths. Although, 
generally speaking, the intensity of the assimi- 
lation processes grows with depth [1, 11, 18], 
under especially favorable tectonic conditions 
and with an abundance of volatiles, a magma 
may acquire a considerable assimilative ca- 
pacity, even under hypabyssal conditions. This 
is also corroborated by the assimilation phe- 
nomena under the platform conditions of ig- 
neous activity [14]. 


It appears, then, that in the nature of their 
assimilation processes, these complex in- 
trusions of the Gyumushkhana group differ 
somewhat from a number of other Caucasian 
neointrusions of similar composition whose 
origin is explained by direct hybridization, 
during the cooling-off site. It should be under - 
stood however, that the true picture of assimi- 
lation phenomena in many other intrusions is 
considerably more complicated and will require 
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a more painstaking and comprehensive analysis 
of composition and structure. 
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ABSOLUTE AGE OF EXTRUSIVE ROCKS 


1 
IN THE MAGADAN BATHOLITH 


by 


L. V. 


In undertaking, during 1958, a systematic 
determination of the absolute age of extensive 
rocks in the northeastern part of the U.S.S.R., 
by the K-Ar method, we turned first to a case 
where geology was known to such an extent as 
to preclude any ambiguity in interpretation. 
Such a case’ was provided by the multiphase and 
multifacies Magadan batholith exposed on the 
coast of Tauysk inlet, in the vicinity of Magadan. 
The results of the absolute-age determination 
not only confirmed the geologic views on the 
time of formation of this batholith, but have 
demonstrated the applicability of the K-Ar 
method to absolute dating of late Mesozoic ex- 
trusive rocks. 


GEOLOGIC SITUATION 


The Magadan batholith is one of many grani- 
toid intrusives of the Okhotsk-Chaun volcanic 
arc. The volcanic complex is represented here 
by rocks ranging from gabbro to alaskite and 
sub -alkalic granite, with granodiorite and 
granite the most common. Gabbros, gabbro- 
diorite, and quartz diorite, on one hand, and 
sub-alkalic and alkalic rocks on the other are 
very limited in development; nevertheless, 
they are typical of the complex as a whole. 

Ye. K. Ustiyev [6] calls this complex the 
Okhotsk. 


Many of the intrusive massifs of the Okhotsk 
complex are not only petrographically hetero- 
geneous but multiphase in different segments 
(heterogeneous and polygenetic intrusions of 
Ye. K. Ustiyev [7]). Their age and the age of 


1Absolyutnyy vozrast izverzhennykh porod Magadan- 
skogo batolita. 


Paper read at the 8th Session of Commission on 


the absolute Age Determination of Geologic Forma- 
tion, Academy Sciences, U.S.S., May 22, 1959. 


ie 


? 
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the Okhotsk complex rocks as a whole are 
reliably determined by the relation of grani- 
toids to sedimentary and volcanic formations. 
The extrusive rocks cut Upper Permian, Trias- 
sic, Lower and Middle Jurassic sedimentary 
rocks and are found to have complex relations 
with Lower and Upper Cretaceous volcanics 
and sedimentary rocks, reliably dated by num- 
erous index fossils. Some of the earliest 
members of the complex are overlain by Upper 
Cretaceous lavas, while the last of the grani- 
toids cut these lavas. Pebbles of the Okhotsk 
granitoids are present in fresh-water continen- 
tal conglomerate with a Late Cretaceous flora 
[8]. 


On the basis of all available geologic data, 
Ye. K. Ustiyev compiled the following time 
sequence for these formations (Table 1). 


The Ye. K. Ustiyev table is applicable not 
only to igneous formations of the Okhotsk - 
Chaunsk arc but also to the structurally and 
compositionally similar igneous formations 
among intrusives of the Yano-Kolyma belt 
of late Mesozoic folding. 


STRUCTURE OF THE MAGADAN BATHOLITH 


The Magadan batholith presents a body of 
40 x 55 km; a portion of it lies under the water 
of the Tauysk inlet. The batholith is fringed 
in the north and east by Lower Cretaceous vol- 
canics which it cuts, and by Upper Cretaceous 
lavas whose relationship with the granitoids has 
not been established. Remmants of an Upper 
Cretaceous porphyritic cover are present in 
different areas of the batholith at elevations of 
200 to 500 m above sea level, thus suggesting 
some erosion has occurred. Its depth of forma- 
tion should have been not over 1 km, if the prob- 
able thickness of Lower Cretaceous extrusives 
is taken into consideration. 


It is not impossible that the Magadan 
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Table 1 


Time Sequence for Intrusive and Extrusive Formations of the Okhotsk- 
~Chaunsk Volcanic Arc, after Ye. K. Ustiyev 


Igneous activity 


: Quaternary and Land flows of basalt and acid volcanic ash 


Neogene 


Paleogene 


Land flows of basalt and andesite-basalt; 
intrusions of gabbro, diorite, and granite (?) 


, {Late Cretaceous 


Intrusions of granite, chiefly sub- 


alkalic and alkalic 


Early Cretaceous 


Upper Cretaceous 


Land flows of dacite and liparite 


lavas and some andesite 


Intrusions of the Okhotsk granitoids, 


chiefly granodiorite 


Late Jurassic 


Land and some submarine flows 


Lower Cretaceous 


Upper Jurassic 


of andesite and liparite 


Granitoid intrusions, chiefly microcline 


granite 


batholith (as well as a number of other intru- 
sives of the Okhotsk system) is an interforma- 
tional body like a giant sphenolith with typical 
Suess batholithic features. The injection of 
magma appears to have taken place between 
Triassic and Jurassic sedimentary rocks; an 
undisturbed blanket of Lower Cretaceous ex- 
trusives with Upper Jurassic extrusives is 
also present Large areas of xeonogenetic 
textures, migmatized areas of earlier phase 
rocks, and a petrographic diversity are 
characteristic of the batholith. 


According to A. M. Demin's study [2, 4], 
confirmed by observations of our own and of 
others, the sequence of formation of the batho- 
lith occurred as indicated in Table 2. The 
geologic dating is based on analogies with adja- 
cent intrusions of the Okhotsk system. As 
such, it is not quite reliable, although the 
association of the batholithic intrusives with 
Lower Cretaceous and in part with Upper 
Cretaceous rocks is unquestionable, on the 
whole Equally unquestionable is the definite 
sequence of intrusions as demonstrated by the 
contacts of rocks of different composition 
Some doubt exists only as to the position of 
trondjemite granite and quartz diorite (see 
below). 


Feldspathic and feldspathic quartz pegma - 
toid and pegmatite veins which cut the Okhotsk 
granodiorite and granite and which appear to be 
of the same age with alkalic and sub-alkalic 
rocks usually in the same vicinity should be 
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considered Upper Cretaceous. Connected 
with these veins is a molybdenum mineraliza - 
tion very typical of the western part of the 
batholith where alkalic and sub-alkalic rocks 
are the most common. It is obvious that the 
absolute-age figures for these molybdenum 
veins or for K-feldspars in them will be those 
of the molybdenum mineralization typical of 
the Okhotsk-Chaun volcanic belt. 


The participation in the formation of the 
Magadan batholith is different for rocks of 
different composition. It can be expressed in 
the following figures showing the area of their 
distribution (in %): 


Trondjemite and trondjemite 


granite less than 1 
Gabbro and gabbro- 

diorite 2 
Quartz diorite and 

related rocks 5 
Granodiorite and adamellite 80 


Granite of various compositions 
Sub-alkalic and alkalic rocks 2 


Granodiorite predominates not only among 
the Magadan batholith rocks but in other in- 
trusives of the Okhotsk system and in the 
system as a whole. 


PETROGRAPHIC AND PETROCHEMICAL 
FEATURES OF THE MAGADAN 
BATHOLITH ROCKS 


Trondjemites— formations foreign to the 
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Table 2 


The sequence of formation for the Magadan batholith 


Paleogene(?) - 
Late Cretaceous 


Alkalic granite and granite porphyry 
Sub intrusive liparite and sub 


alkalic granite porphyry 


Early Cretaceous 


Granodiorite and adamellite 


Granites of various composition 


Okhotsk 


Quartz diorite 


Gabbro and gabbro-diorite 


Pre-Cretaceous(?) 


Magadan batholith, according to its students, 
were first discovered by A. M. Demin in the 
Ol'skiy Point outcrops on Staritskiy peninsula. 
Their mineral composition is as follows (in %; 
figures in parentheses indicated the range, 
after A. M. Demin): 


Plagioclase 51. 50(40. 67 —64. 80) 
Microcline 9, 30(0—11. 60) 
Quartz 36. 40(30. 22—40. 17) 
Biotite 1. 80(1.05—2, 22) 
Chlorite 0.31 

Muscovite 0,24 

Magnetite O72 


The average mineral composition of the 
trondjemites is well illustrated by the chemi- 
cal composition of specimen No. 128 from the 
A. M. Demin collection (see Table 3, Column 
1). Their petrochemical features associate 
them with the Okhotsk granites; however, 
trondjemites are the earlier formations; in the 
Ol'skiy Point outcrops, they are cut by quartz 

diorite and by a dike of the Okhotsk granodio- 
“rite. Ye. K. Ustiyev has found a trondjemite 
xenolith in gabbro of Nyuklya Point. This 
finding, however, is unique; therefore, the 
trondjemite-gabbro relation remains obscure. 


These trondjemites have been assigned to 
pre-Cretaceous, most probably Upper Jurassic 
formations [1]. Some northwestern geologists 
(L. A. Snyatkov and A. S. Simakov) believe them 
to be as old as Paleozoic. This last view is too 
speculative to be taken seriously. 


Occurring along with trondjemites in the Ol'- 
skiy Point outcrops are plagioclase and normal 
granite with a low biotite content; apparently, 
they are facies and schlieren varieties of 
trondjemites. 


Gabbros are known from the Magadan batho- 
lith in three isolated stock-like bodies, 0.5 to 
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Trondjemite granite and trondjemite 


1.5 km across. They are the Bol’shaya Gab- 
brovaya Mountain, on Osenniy Creek; the 
Kamennyy Venets Mountain, on the south shore 
of Nagayev Bay; and Nyuklya Point, Ol'skiy 

Bay. In coastal outcrops at Kamennyy Venets 
Mountain, gabbro xenoliths are present in 
granodiorite, while the gabbro massif itself 

is cut by granodiorite veins. Present in 

gabbro are plagioclase, pyroxene, hornblende, 
and in places olivine (Nyuklya Point). The Bol'- 
shaya Gabbrovaya rocks consist of labradorite 
(65%) and augite (35%) replaced by hornblende 
to a considerable extent. In the Kamennyy 
Venets gabbros, hornblende and pyroxene 
account for 30 to 40%, with small amounts of 
biotite, sphene, and titanomagnetite. Locally, 
the gabbros are close in composition to gabbro- 
diorite. Petrochemical features of the Magadan 
batholith gabbros correspond to those of an 
"intermediate" gabbro (Table 3, Column 2). 
Typical is the somewhat lower content of alka- 
lies (higher content in gabbro-diorite) and iron 
and magnesium oxides, and a higher calcium 
oxide content. 


The earlier formation of the gabbro is un- 
questionable, as shown by an analysis of the 
gabbro-granodiorite ratios; however, the 
stock-like form of gabbro bodies surrounded 
by granodiorite is very unusual, indeed. It 
appears that these gabbro stocks have been 
fused into granodiorite as peculiar "autoch- 
thonous xenoliths," in the interformational 
penetration of granodiorite magma. No con- 
tacts between gabbro and quartz diorite have 
been observed. A. M. Demin notes [3] the 
cutting of gabbro by tonalite (a phase of quartz 
diorite); it should be noted, however, that 
granodiorite veins in gabbro commonly have a 
hybrid aspect, similar to veins of tonalite, 
quartz diorite, and even gabbro-diorite. For 
that reason, the assigning of the cutting-vein 
tonalite to a diorite intrusive phase needs con- 
firmation. 
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Table 3 


Petrochemical features of the Magadan batholith rocks (in %) 


71.01 
0.52 
14.63 
2,34 
0.97 
0.06 
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0.74 
2,14 
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1. Trondjemite from Ol'skiy Point [3]. 


2. Average of two analyses of pyroxene-hornblende gabbro from the Osenniy 
Creek basin in the western part of the Magadan batholith (data from the 1947 
chemical analysis by S. V. Domokhotov and the 1948 analysis by K. T. 

Zlobin). 


3. Average of two analyses of quartz diorite from Nagayeva Cove in 
the western part of the Magadan batholith (K. T. Zlobin, 1948; V. V. 
Zakandyrin, 1949). 


4, Average of two analyses of granodiorite from Amakhton Bay and the 
Oks basin (Zakandyrin, 1949). 


5. Average of four analyses of granite and plagiogranite from the Amakhton 
Bay coast and the Osenniy and Usinskiy deposits (V. V. Zakandyrin, 1949; L. 
V. Firsov and V. N. Soboleva, 1952). 


6. Average of two analyses of syenite and granosyenite from the Osenniy 
deposit (L. V. Firsov and V. N. Soboleva, 1952). 
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Quartz diorites are more widely developed 
than the gabbros. They form bodies up to 5-10 
km across and oriented in various directions. 
The sub-latitudinal orientation of quartz diorite 
in the vicinity of Magadan where it coincides 
with the trend of major faults defining the 
grabens of Nagayev and Gertner bays is very 
curious. Quartz diorite in the Gertner Cove 
carries numerous porphyrite xenoliths and is 
cut by granodiorite dikes. 


The aspect and composition of quartz dio- 
rite ranges widely. Generally, it is a dark 
gray to gray, even- to medium-grained rock of 
a hornblende-biotite-plagioclase composition. 
Plagioclase content (andesine) ranges from 40 
to 60%; hornblende, 10 to 30%; biotite, 5 to 10 
%; quartz, up to 10%; and accessory and ore 
minerals, 0.5 to 2%, with sphene, -zircon, 
epidote, apatite, and titanomagnetite the most 
common. The rock texture is typically dio- 
ritic. 


Locally present in quartz diorite are large 
bodies of either granodioritic or gabbro-dioritic 
composition. The petrochemical features of 
quartz diorite (Table 3, Column 3) put it ina 
close relation to granodiorite. 


Granodiorites are gray, uneven-grained 
rocks, Their average composition is (in %) 
andesine, andesine-oligoclase is 50 to 55; K- 
Na-feldspar is 5 to 7; quartz is 15 to 18; bio- 
tite and chlorite on biotite, up to 15; horn- 
blende, 8 to 10; accessory and ore minerals, 
up to 1. Very characteristic is the intensive 
chloritization of biotite: on the average, over 
60 % of the biotite has been replaced by chlo- 
rites associated with sphene and titanomagne- 
tite. Feldspars are but slightly altered, by 
sericitization in plagioclase and by pelitization 
in K-feldspar. 


The composition of the granodiorite ranges 
from near -tonalite to near-plagiogranite. 
Locally, the granodiorite looks like monzonite 
and trondjemite. All this makes it difficult to 
assign it to a definite intrusive phase; however, 
the number of varieties is not large and most 
granodiorites of the Magadan batholiths are 
rather monotonous rocks, Their petrochemical 
features (Table 3, Column 4) correspond to 
those of an "intermediate" granodiorite [5]. 


Granites of the Okhotsk complex cut the 
granodiorites. In outcrop, these are more 
or less isometric bodies, 3 to 20 km across. 
Their composition ranges from typically plagio- 
clase to sub-alkalic, with the same ratio of 
plagioclase to K-feldspar but with the latter 
sometimes predominate. These are mostly 
medium -grained, light gray to pinkish rocks 
with a small amount of dark minerals. Plagio- 
clase is represented by acid varieties, com- 
monly albitized and appreciably sericitized. 
K-feldspar (microcline) is subject to albitiza- 
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tion. The quartz content ranges from 25 to 
35 %. Often present along with biotite are 
muscovite and alkali hornblende; the biotite 
is moderately to strongly chloritic. A dis- 
tinctive feature of the Okhotsk granite is its 
high saturation in alumina, the small role of 
oxides of calcium and magnesium, and a de- 
pressed alkalie content observed in a number 
of analyses (Table 3, Column 5; Table 4)°. 


Alkalic and sub-alkalic rocks, assigned to 
the Upper Cretaceous-Paleogene, are poorly 
developed and occur only in veins of various 
thickness and in small stocks which cut the 
Okhotsk granodiorite and granite. They are 
characterized by coarsely crystalline granular 
structures, a high K-feldspar content, a mod- 
erate amount of dark minerals, a considerable 
muscovite content, and a wide development of 
sericitization and pelitization in feldspars. 
These rocks are marked by their supersatura- 
tion in alumina and by a certain deficiency in 
silica (Table 3, Column 6). 


The essentially feldspathic pegmatoid and 
pegmatitic veins which cut the Okhotsk grano- 
diorite and granite may be assigned, by a 
number of their features and especially by 
their molybdenum content, to the Upper 
Cretaceous sub-alkalic and alkalic extrusive 
complex. The mineral composition of these 
veins is dominated by microcline. The quartz 
content ranges from a few to 40 ¥%; albite is 
present in an amount of 5 to 10 %; and there 
are occasional coarsely tabular and coarse 
blocky varieties of biotite and muscovite. 
Microcline usually is non-latticed or only 
slightly so and contains numerous perthitic 
and microperthitic intergrowths. A moly- 
bdenum incrustation is present both in veins 
and in the enclosing rocks, near quartz- 
feldspar veins, muscovite-feldspar greisens, 
and coarse aggregates of rocks with a higher 
alkalicity. 


THE METHOD AND THE CONSTANTS 


The absolute -age determinations were done 
by the K-Ar method, in the Magadan Scientific 
Research laboratory, in 1958 and 1959. From 
three to five identical samples were used in 
determining potassium oxide by the chlor - 
platinum method, with an average value of K 0 
accepted as the true one. The amount of 
K40 (0. 0122% by weight of the entire amount 
of K isotopes) was calculated with equation 
where KO is the potassium oxide content in 
weight percent; 


K40 = 1, 0126, 10°°K 50 gr/gr 


3an accurate idea of relationship between the 
chemistry and mineral composition of rocks is best 
obtained from specific data for a single specimen, 
rather than from an average of chemical analyses by 
different authors. Editorial Board. 
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Table 4 


Petrochemical features of the Magadan batholith granites (in %) 
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5-a. Granite, biotitic, fine-grained; the Amakhton Bay coast (after 
V.V. Zakandyrin, 1949). 


5-b. Granite, biotite-hornblendic, medium-grained; the Osenniy 
location (after L. V. Firsov and V. N. Soboleva, 1952). 


5-c. Granite, biotitic, coarse-grained; the Amakhton Bay coast 
(after V. V. Zakandyrin, 1949). 


5-d. Granite, leucocratic, fine-grained; the Usinsk location (after 
L. V. Firsov and V. N. Soboleva, 1952. 


Agron was determined in samples weighing error in determining radiogenic argon does not 
50 and 100 gm; their fusing was done on high exceed +2%, with the over-all error in deter - 
/requency heating installations and by heating mining the Ar40 140 ratio not exceeding +3%. 
‘vith molybdenum coils. Argon was purified Any effect of air argon was eliminated by a 
‘vith black copper oxide, metallic calcium, a careful and prolonged application of high 
Jungsten file tube, and a trap with liquid nitro- vacuum pumps and a proper processing of ab- 
en. It was measured with Macleod gauges, sorbents. We shall not go into details of the 
vith a possible error of +1%. A practice run analytic method; those interested will find 

jf the apparatus has shown that the over-all them in our earlier work [9]. 


Lik 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


The following values of the constants for 
K 40 decay were used in computing the age from 
the Ar40/K 40 ratio: 


Aga 4. 68. 10710 year}, 
A, = 0.585. 10710 year}, 
A,/XB = 0.125. 


The computation was done with the conven- 
tional equation for K*” decay, solved for time 
and transformed as follows, after a substitu- 
tion of the constants’ values: 


Ar40 


: 1g(9. 00 K 40 + 1) 


t ; 1019 


years. 
2. 2866 


where Ar40 and K40 are in grams, per one 
gram of rock. 


SAMPLES FOR ABSOLUTE-AGE 
DETERMINATION 


Eleven samples were used in determining 
the absolute age of the Magadan batholith rocks. 
Their numbers are given below. 


Trondjemite granite 82 Pre-Cretaceous? 


Gabbro-diorite 65 Phase I 
Quartz diorite 133; 134 Phase II 
Granodiorite 38° 75u0 Phase III 
Granite DAG OF Phase IV 
K-feldspar from Upper 
veins 24; 60 Cretaceous 


82. Trondjemite granite with a potassium 
oxide content higher than in sample used by 
A. M. Demin for a complete silicate analysis 
(see Table 3, Col. 1); Ol'skiy Point, Staritskiy 
Peninsula; sample 99 is from the 1956 collec- 
tion of M. P. Yushinina. 


65. Hornblende gabbro-diorite with biotite, 
banded texture; mouth of Mamaltykich River, 
a tributary of Yana-Okhotskaya, the Tayusk 
area; sample 282 is from the 1957 collection 
of V. V. Vesnin. This specimen is from an 
intrusive body adjacent to the Magadan batho- 
lith, but it is close in composition and position 
in other intrusive Okhotsk rocks to gabbros 
and gabbro-diorite of the Magadan batholith. 


133. Granodioritic schlieren in quartz dio- 
rite; northern shore of Nagayev Cove; from 
the 1958 collection of L. V. Firsov. 


134, Dioritic schlieren in quartz diorite; 
southwestern shore of Gertner Cove; from the 
1958 L. V. Firsov collection. Quartz dio- 
rite is cut by granodiorite, plagiogranite, and 
aplite and pegmatite veins. 
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38. Granodiorite (plagiogranite); the 
Kamenushka headwaters, 10 km northwest of 
Magadan; from the 1956 collection of M. P. 
Yushinina. 


75. Granodiorite, the most typical of the 
Magadan batholith; outskirts of Marchekan 
village, Nagayev Cove. From the 1958 collec- 
tion of LV: Firsov. 


0. Granodiorite, the most typical of the 
Magadan batholith; stone quarry, the 
Magadanka-Kamenushka watershed. From the 
1957 L. V. Firsov collection. 


31. Leucocratic granite; upper course of 
Dukach River, 40 km north of Magadan; a 
small body of granite cutting the extrusives; 
specimen 93 is from the 1956 collection of 
M. P. Yushinina. 


34. Leucocratic granite; upper course of 
Dukach River, 37 km north of Magadan; a 
granite stock cutting the Magadan batholith 
granodiorite; specimen 96 is from the 1956 
M. P. Yushinina collection. 


24. Microcline from a pegmatite vein with 
quartz and albite; outskirts of Marchekan 
village, south shore of Nagayev Cove. From 
the 1958 L. V. Firsov collection. A pure, 
slightly albitized microcline was used in the 
analysis. The vein cuts the Magadan batho- 
lith granodiorite and is correlative with 
molybdenum -bearing pegmatitic and pegmatoid 
veins and sub-alkalic and alkalic Upper Creta- 
ceous rocks. 


60. K-feldspar, coarsely clastic, from a 
vein cutting the Mamaltykich basin granite; 
from the 1957 V. V. Vesnin collection. The 
age of granite cut by the vein has been de- 
termined as 100 to 105 million years. This 
sample does not belong to the Magadan batho- 
lith and is cited for comparison with sample 24. 


RESULTS OF THE ABSOLUTE-AGE 
DETERMINATIONS AND CONCLUSIONS 


A total of 28 analyses have been performed; 
their results for K, K40, and radiogenic Ar 
are given in Table 5. 


We underscore the fair convergence of the 
determination results from parallel samples; 
also the complete convergence, within the 
limit of error, of course, of the age determin- 
ation for rocks of a similar type, such as 
quartz diorite from samples 133 and 134; 
granodiorite from samples 75 and 0; and vein 
k-feldspar from samples 24 and 60. 


On the whole, the geologic assumption of 
the age of the Magadan batholith rocks has been 
corroborated by the absolute-age figures. It 
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Table 5 


Absolute age of the Magadan batholith rocks 


content, g/g 
Age, 


million 
years 


Rock (mineral) 


K®.10-* | Art.40-# 


| 0.00830 | 
0.00800 
0.00797 
0.00785 
0.00788 
0.00788 
0.00754 
0.00773 
0.00751 
0.00748 
0.00738 
0.00763 
0.00719 
0.00724 
0.00759 


Gabbro-diorite 0.0195 
0.0195 
0.0286 
0.0286 
0.0286 
0.0286 
0.0260 
0.0260 
0.0260 
0.0260 
0.01485 
0.01485 
0.01485 
0.01485 
0.0213 


coe 


Trondjemite granite 


Quartz diorite (granodioritic 
schlieren) 


i Ses 


Quartz diorite (dioritic schlieren) 


Granodiorite (plagiogranite) 


Granodiorite 


0.0213 
9.0235 


0.0235 
0,0235 


Granodiorite 
Granite 


0.0232 
0.0390 


0.0390 


Granite 


0,0353 


0.0353 


Microcline from a vein 


0.0902 


0.092 


K-feldspar from a vein 


0.0711 


0.0711 


nas been definitely established that the forma- 
‘ion of the batholith took a long time, about 
>0 million years. 


_ Gabbro and gabbro-diorite may belong to 
the earliest phase of the batholith formation. 
The age of gabbro-diorite in sample 65 has 
deen determined as 136 and 132 million years, 
in average of 134 million years, which cor- 
cesponds to the Jurassic-Cretaceous boundary. 
3ecause this gabbro-diorite does not belong 

-o the Magadan batholith but to the adjacent 
mtrusive body, determinations of absolute age 
for gabbro and gabbro-diorite directly from 
the Magadan batholith will be done in the 
future. 


Contrary to expectations, the trondjemite 
yranite turned out to be lower Cretaceous 
rather than pre-Cretaceous — 132, 130, 130, 
130 million years old (base of Lower Creta- 
seous), but indeed older than quartz diorite 
which cut it. It is pertinent to question here 
he assumption according to which the trondje- 
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0.00746 
0.00684 
0.00693 
0.00745 
0.00695 
0.00636 
0.00587 
0.00540 
0.00535 
0.00424 
0.00465 
0.00465 
0.00463 
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mite is foreign to the Magadan batholith. It is 
not impossible that a more detailed survey of 
the batholith will reveal a distribution of 
trondjemite and trondjemite granite wider than 
is known at the present time. 


The age of quartz diorite, sample 133, is 
124, 127, 124, and 124 million years, an 
average of 125 million years; sample 134 — 
122, 126, 119, 120 million years, an average 
of 122 million years, corresponding to the 
middle of the Early Cretaceous and in full 
accordance with its geologic position. Despite 
the sharp petrographic differences in these 
rocks, their absolute age determinations coin- 
cide quite well and point to the simultaneous 
formation of quartz diorite in different parts 
of the Magadan batholith. 


' The age values obtained for granodiorite are 
rather scattered. First of all, the age of 
granodiorete from sample 38 turned out to be 
the same as for quartz diorite, i.e., 125 and 


124 million years. M. P. Yushinina, who owns 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


this specimen, identified it as granite; a 
microscopic study of thin sections has sown, 
however, that it represents an essentially 
plagioclase rock, similar in structural features 
to granodiorite-plagiogranite schlieren bodies 
in quartz diorite of the Magadan batholith. This 
is corroborated by the low potassium content 

in the specimen - even lower than in the batho- 
lith granodiorite. Because of that, we are in- 
clined to assign this specimen to dioritic in- 
trusive phase. 


The age of granodiorite in samples 75 and 0 
turned out to be close, and corresponding to 
the middle of the Early Cretaceous, on the 
average of 115 million years, which is in full 
accordance with geologic facts: the granodio - 
rite cuts Lower Cretaceous extrusives, but 
their pebbles have been found in Upper Creta- 
ceous conglomerates. 


The scattering of the age figures obtained 
for granite — sample 31: 106 and 98 million 
years, an average of 104 million years; sample 
34: 90 and 89 million years, an average of 90 
million years — may be due to the argon loss in 
granite of sample 34 which was considerable 
altered (sericitization of feldspars, chloriti- 
zation of biotite). However, the age determina- 
tion for the Tayusk granite has shown that here, 
too, in the basin of Yana-Okhotskaya, Mamalty- 
kich, and other rivers, granites 100 to 105 
million years old are present as well as gra- 
nites younger than 100 million years and older 
than 110 million years. Thus a pinpointing of 
the age of the Okhotsk granite calls for addi- 
tional study. Nevertheless, the values obtained 
are in full accordance with geologic assump- 
tions and evidence, and make it possible to re- 
gard the granite as ''Middle Cretaceous." 


Finally, the age of K-feldspar from veins 
correlative with Upper Cretaceous sub-alkalic 
and alkalic rocks of higher molybdenum con- 
tent is suggested as 75 million years, on the 
average, for sample 24, and 78 million years 
for sample 60, which correspond to the top 
of the Upper Cretaceous. 


Thus, the history of formation of the Maga- 
dan batholith may be divided into six stages or 
phases, as follows: 


Phase I 134 million years: minor intrusions 
of gabbro and gabbro-diorite, apparently 
preceding the flow of intermediate Lower 
Cretaceous lavas. 


Phase II 130 million years: minor intrusions 
of trondjemite granite. 


Phase III 122 to 125 million years: intru- 
sions of quartz diorite, apparently contempo- 
raneous with Lower Cretaceous intermediate 
lavas. 
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Phase IV 115 million years: a major intru- 
sion of granodiorite magma, the main phase of 
the batholith formation. 

Phase V 90 to 105 million years: intrusions 
of granite of variable composition. 


Phase VI 75 to 78 million years: the forma- 
tion of feldspar and feldspar-quartz veins; and 
apparently of small intrusions of alkalic and 
sub-alkalic molybdenum -bearing rocks. 


At the present time, we deem it inadvisable 
to discuss the extent of the Okhotsk igneous 
complex, because that would require a large 
number of absolute-age determinations. How- 
ever, even now the Magadan batholith fully 
corroborates, on the whole, the geologic 
speculations on some igneous processes in 
the Okhotsk -Chaunsk belt. 


The author expresses his gratitude to G. 
A. Afanas'yev for a number of suggestions for 
this paper. 
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CLIMATIC DATA 


DETERMINING 


THE LOWER STRATIGRAPHIC BOUNDARY OF THE PLIOCENE ! 


by 


A.I. Moskvitin 


Assuming climate to be the main factor 
determining the distribution of flora and fauna, 
geologists have long applied climatology to 
historical geology; they have created a new 
discipline of paleoclimatology and have made 
it a tool of stratigraphy. Stratigraphic sub- 
divisions obtained through paleoclimatology 
have been especially important for the period 
closest to us, the Quaternary, where a com- 
parison with the present, is fully applicable. 
Evidence of the general cooling of the earth's 
climate has been traced, along with that of 
strong periodic changes, from a climate simi- 
lar to the present, during interglacial periods, 
to the arctic and temperate latitudes, during 
glaciations. 


For most Quaternary geologists, such 
achievements of climatology have become text- 
book truths. There are, however, some ob- 
scure points in the description of the climate 
of ancient glaciations (glaciations assumed to 
be Pliocene but localized in mountain regions 
or else believed to represent unusually warm 
periods and incapable of changing the climate 
of entire continents) which bring us back to 
the question as to where the Pliocene-Pleistocene 
boundary really is. 


Even prior to the Nineteenth Session of the 
International Geological Congress, data ac- 
cumulated on the changes of the Late Pliocene 
climate of Europe, judging from the changes 
in flora and fauna, forced geologists to include 
within the Pleistocene a number of ancient de- 
posits supposed to be Pliocene. Such were the 
red and forested shell beds of the east coast 
of England; Tegelen and pre-Tegelen; Itzen 
(Itzehoe) and Amstel deposits of Holland and 
northwestern Germany; and Villafranchian and 
Calabrian deposits of southern France and 
northern Italy. The Congress accepted the 
appropriate recommendations for a change in 
appropriate recommendations for a change in 
the Pliocene-Pleistocene boundary. 


The main climatologic basis for pushing the 


1K limaticheskiye dannyye, opredelyayushchiye 
nizhnyuyu stratigraficheskuyu granitsu Pleystotsena. 
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Pleistocene base back into the Pliocene is as follows. 
The alleged Pliocene sediments of the North and 
even the Mediterranean seas were foundto carry 

a boreal to arctic fauna of fora-minifera and mol- 
lusks; walruses appeared off the Netherland coast, 
as witness the occurrence of their bones with the 
remains of the last mastodons and primitive ele- 
phants; the southern type forests of Italy gave place 
to the deciduous, and to exclusively coniferous for - 
ests during glaciations, with complete disappear - 
ance of typical Tertiary forms (Liquidambar and 
Sequoia) long before the end of allegedly Tertiary 
sedimentation (Villagranchian); evidence of a 
marine regression related to the concentration of 
water in glacial mantles was found in sediments of 
the west and south coast of the North Sea; finally, 
cryoturbations, evidence of permafrost, were 
found in the same "Pliocene" deposits along 

the lower Rhine, in an area seldom frozen up 

at the present time. 


Similar change in the flora (pollen) and 
lithologic evidence of a glacial climate were 
noted by this author and other students of the 
Pliocene of eastern Europe. I commented on 
all of these facts in several papers, of neces - 
sity to a different extent. While the data 
necessary to form a correct judgment on the 
changes in flora and fauna were summarized 
in fair detail, with lists, tables, cross-sections, 
maps, and pollen diagrams, more definite and 
the more objective evidence of ancient glacia- 
tion, most strikingly expressed in cryoturbations 
of the Netherlands, was recited in someone 
else's language (from observations of F. Flor- 
schutz and A. van Sommeren). On the other 
hand, the corresponding observations from the 
U.S.S.R. were not convincing for some members 
of our special Quaternary Commission of 1957. 
G.I. Goretskiy [2] voiced the opinion that these 
cryoturbations might be evidence of slides. 
Moreover, there had been a lack of palynologic 
evidence in Holland, where it appeared only in 
recent years; in our country, the main reasons 
for lowering the base of the Pleistocene were 
not yet published. That gap has been filled 
with the publication of my papers on the Middle 
Volga [12] region and the Yergeni sequence 
[13]. In addition, new evidence, not yet 
published, has been obtained in excellent 


i 
1 
4 
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cryoturbations from the Yergeni sands. 


__ Thecomments after the presentation of myre- 
|ports and during the inspection of these newly- 
discoveredcryoturbations? have brought to 
light another very important obstacle preventing 
}a number of quaternary geologists from grasping 
)the value and the irrefutable quality of the mute 
*criteria of permafrost in sediments. Perhaps, 

| because of the brevity of exposition of these 

) phenomena in published papers on permafrost 
jand the lack of appropriate texts, thereis a 
definite lack of understanding and deficiency in 
observing and deciphering the traces of perma- 
frost. Weshallreturntothis topic, illustrating 
it with appropriate examples. 


Obviously, there is no need to rehearse here 
{my recent review [9, 10, 11, 12] ofdata onthe 
‘change in flora and fauna inthe U.S.S.R., Eng- 
jland, France, and Italy, atthe onset of ancient, 
yas earlyas ''Pliocene", glaciations; however, 
jit is expedient to pause for new palynologic and 
)paleocr yologic observations inthe U.S.S.R. 
yand along the lower Rhine. G.I. Goretskiy 
1([2], p. 40) states in his disbelief of permafrost 
(phenomena which! described from the top of the 
Kinel' beds: ‘The traces of kneading by pack 
ice are common deformations in Kinel' clays, 
/Originating indifferential compaction andin 
/slide phenomena along the Kinel River banks (with 
slopes upto 10 or 20°). They have nothing to 
‘do with glacial warping."' The factis, however, 
that I have described off-shore lacustrine, or 
“more exactly marine Akchagyl deposits; they 
carry a marine Akchagy]l fauna in near-by coves 
at Mordovo and Bektyashka villages (A.S. Kes' 
[4]; Ye. V. Shantser, oral communication). The 
jexposure is located inthe middle ofa bay, away 
from shores which could have been the place of 
/originoftheir sliding. In addition, the position 
land size of the warped exposure (a very limited 
Jone) are different from those of a slide: the 
fwarping is present not in oozes but in sand and 
in pebble beds. Inanother example, at Bektya- 
skha pier, the warping is reflected in the contact 
zone between sand and overlying ooze; here, too, 
an explanation by slides is quite impossible be- 
‘cause of the localization of the phenomena which 
thas a very characteristic aspect ({12], p. 27). 
They are very similar to marsh frost disturbances 
whichI observed inmost recent extra-glacial 
ideposits near Lagoysk, Belorussia ([8], p. 157) 
and at Vladimirovka village, the Syzran Trans - 
Volga Region([12], p. 179). 


The last sentence of theG. I. Goretskiy quota - 
‘tion will have to be interpreted as an unfelicitous 
expression of the view on permafrost warping 
under the conditions ofa periglacial climate, be- 
‘causel have never mentioned any "glacial warp- 
ings." 


2Frost warpings were discovered during a well- 
attended field trip. 
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Early in 1957 appeared ({11], p. 9) mydescrip- 
tion anda scale photograph of frost cauldrons at 
the mouth of Belaya River, at Barsukovo village. 
Younger examples of similar phenomena were 
described by A.I. Pryakhin[19]. Itis quite un- 
reasonable to take them for slides, as G.I. 
Goretskiy insisted on doing in our 1957 Quater - 
nary Conference. Warpedto forma cauldron 
are sands ofa single bed, less than 1 m thick, 
resting among quite undisturbed horizontally 
stratified, fairly coarse sands, deposited, 
judging from the steep cross -bedding in upper 
beds, inthe littoral-beach zone ofa temporarily 
regressive Akchagylsea. Deposited in deeper 
wat ers of the same basin were the "terracotta" 
clays underlying and overlying the beach sands 
({11], p. 8). No traces of slides were found in 
clays and sands during the inspection of that 
exposure by alarge groupof geologists of Mos- 
cow State University, inthe fallof1956. For 
this reason, theG. 1. Goretskiy assumption of 
slides should be categorically rejected and 
another explanation should be sought. 


Cauldrons inthe warped bed at Barsukovo 
village are isometrically round, of which we have 
made sure by digging across one of them ([11], 

p. 9, Figure 3). They are wide for their depth, 
in which lies their difference from the standard: 
they areonly 0.75mdeepand 1. 5to 1.6m wide. 


Cauldron -like structures originate in an active 
bed (i. e. , thawing out in the summer) above fro- 
zen ground, as one of the varieties of "tundra 
spots." The bottom of sucha cauldron naturally 
cannot be located inthe permafrost; consequently, 
the thickness of an active layer canbe judged from 
the depthofthe cauldrons. The shallow depth of 
the Barsukovo cauldrons suggests rather rigorous 
conditions, with the summer thaw not penetrating 
below 0. 75m, eveninopen coastal sands. 


The most indicative among other traces of 
permafrost are "ice wedges, " whichare soil 
replacements of groundice. These ice wedges 
are developed under most rigorous polar con- 
ditions, where the ground surface hardly thaws 
out eveninthe summer. Evidence of such ice 
wedges has been observed inthe Volga and the 
Caspian regions, below the Akhtuba bed of the 
beginning and the middle of the Kalinin glacia- 
tion with its rigoroud continental climate. 


Growing out of their original frost-induced 
fractures, ice wedges exercise a strong pressure 
on their walls. Asaresult, the enclosing beds 
are gathered into small folds dying away laterally; 
more commonly, however, they only are bent 
upward at the edge walls, with coupled rollers 
formed above the edge—the "ears" —consisting of 
displaced lateral material ina volume propor - 
tionate to the size of a wedge (usually upto 0.5 m 
high). 


The ground pseudomorphs of ice wedges is 
the best and most incontrovertible evidence of 
bygone permafrost or of climate of an ancient 
extra-glacial region. Their aspect is well 
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known and they do not require additional ex- 
planations, save perhaps for subsequent dis - 
tortions acquired in an active layer, under 
somewhat milder climatic conditions. An in- 
cipient solifluction? and various ground move- 
ments in an active layer, the cryoturbations, 
bring about deformation in the pseudomorphs, 
distortions, and even cutting off the upper part 
from the lower which remains in the frozen 
ground. The wedges are commonly bottle- 
shaped, narrowing toward the top, probably due 
primarily to a collapse of the "ears" into a 
hollow left by the ice; the wedges commonly 
are completely closed. Their angular forms 
become rounded, as if fused; the outlines be- 
come curly. Quite often the enlarged part of 
a wedge is changed to a cauldron with a typical 
concentric structure of the ground. The top 
of the wedge is found below the cauldron or 
even to the side of it (Figure 1). 


The frost effect is perhaps most common in 
"involutions" and all sort of "cryoturbations" 
appearing in an active layer in connection with 
the development of soil structures, solifluc- 
tion movements, and micro-shifts in freezing 
previously thawed spots. The visible shifts 
are usually downward, though at a very gentle 
slope; and even without an appreciable slope, 
in the last example. A fine plication is brought 
about when a bed, usually of slimy sand 0.3 to 
0.5 m thick, is gathered into a sinusoid over 
a distance of 10 to 15 m.* 


Originating along with such simple forms 
are more complicated ones, including those 
showing bizarre loops of slimy to clean beach 
or perhaps floodplain sands. Warped up layers 
may alternate vertically several times with 
undisturbed ones, apparently reflecting a sedi- 


mentation to the same depth as the summer thaw, 


Such cryoturbations are satisfactorily ex- 
plained (according to A. Bahr, [26]) by stresses 
originating in a water-saturated sand bed, fro- 
zen on the top and underlain by permafrost. 
Some spots freeze faster and form "pressure 
centers."' The thickness of a warped layer 
should be proportionate to the depth of summer 
tahw, but somewhat shallower. It usually does 
not exceed 1 m, attaining sometimes 2 to 2.5 m, 
as in exposures which I observed at Barnaul on 
the Ob [15] and at Lipino village, the Lenin dis- 
trict of Kurskaya Oblast' [7]. Those deforma- 
tions cannot be explained by soil creep. 


3Jan Dylik, who is developing a detailed theory of 
past frost phenomena, describes as ''congelifluction" 
a frost-induced ground ¢reep, believing that soli- 
fluction is a more general congelifluction phenome- 
non, prevailing in lower latitudes. I regard the term, 
congelifluction, superflous because, under our con- 
ditions, no other soil creep except that induced by 
frost and by repeated thawing and freezing of an 
active layer, has been observed, for all practical 
purposes. 


4Only 56 cm in the example cited from the Nether- 
lands by L. Straaten, below. 
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Such cryoturbations are very common in 
upper alluvial exposures above floodplain 
terraces on the Volga (especially the IV above 
the floodplain terrace), deposited under peri- 
glacial conditions of Middle and Upper Pleisto- 
cene glaciations [12, 13]. 


Recently, as mentioned before, they have 
been observed also in such ancient deposits 
as the Akchagyl and Yergeni, thereby con- 
firming my assumption of Akchagyl time being 
contemporaneous with first glaciation in the 
Russian plain [11]. 


For lack of space, detailed descriptions will 
have to be replaced by an abgreviated outline 
of two interesting exposures inspected on a 
well-attended field trip by Quaternary geologists, 
at the end of the summer of 1958. The two ex- 
posures are, on the whole, similar. One is 
located 7 km west of the outskirts of Rostov-on- 
the-Don, at Leventsovka village; the other 120 
km east of there, in the lower course of Sal 
River, 6 to 7 km above Nesmiyanovo (Grom- 
gora). At both localities, the Yergeni sands 
(the "Khaprov, '' near Rostov) are exposed in 
quarries; the exposures are clean and fresh, 
with the sands lying below a sequence of closely 
associated brown-red "Scythian" clays (eroded 
down 1 to 2 m above the base, at Rostov) and 
into two series by traces of erosion. 


The upper series consists of light-colored, 
mostly cross-to diagonally-bedded quartz sand; 
the lower one consists of similar sands locally 
kneaded in an active permafrost layer. An 
alternation of disturbed and undisturbed sands 
has been observed in the Leventsovka quarry 
(Figure 2). Because of the observation condi- 
tions (hard rain) the warping effect in the Grom 
Mountain quarry was sketched only by myself 
(Figure 3); in the Leventsovka quarry it was 
observed and photographed by all participants 
(Figures 2, 4). However, similar warping 
phenomena in similar sands were photographed 
5 km east of Grom-gora at Rubashkin hamlet, 
by Yu. M. Vasil'yev, in 1957 (Figure 5). Along 
the erosion line, only a layer of ferruginous 
quartz with coarse quartz gravel has been ob- 
served in the Grom Mountain quarry, while 
there is local accumulation of gravel, pebbles, 
and clay balls in the Lenentsovka quarry where 
they form a true basal unit. Present in the latter 
are numerous bones and teeth of Elephas plani- 
frans Falc., less commonly of Equus stenonis’ 
Koch. , and occasional Struthio ostrich bones — 
(of a different degree of preservation, more 
intensively fossilized).> The lower series is 


ka Yan'kova, a scientist at the Regional Museum 
of Entomology wrote in the Rostov newspaper "Molot"', 
January 18, 1959 (in an article, "Interesting Find- 
ings") of ostrich bones newly arrived at the Museum 
from the Leventsovka quarry. Earlier findings were 
of bones of "of a mastodon, a large southern elephant, 
a rhinoceros, and a saber-tooth tiger and other 
predatory animals." 
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FIGURE 1. Diagrammatic view of various ice-wedge pseudomorphs 


(vertical section). 


1) a symmetric wedge with "'ears'' (Odintsovo, Ochakovo villages); 2a) wedge 
transformed into a cauldron, in situ (Verkhniye Kotly village); 2b) same, with 
the cauldron displaced down the slope (Sumor'yevo, Avdeyevo village); 3) wedge 
half-closed by sliding "'ears''; 3a) similar wedge slightly displaced by solifluc- 
tion; 4a-d) wedges distroted and broken up by solifluction (Stalingrad, the 
Osadnaya Ravine); 4e) "ear-ring!' or ''tear drop!' from similar and other, as yet 
unexplained, formations; 5) trace of a thawed wedge, with the hollow closed for 
lack of a filler; layers of lateral rock are bent; the bending is shown only 

for wedge 1. _ 
A - upper layer, usually the filler; B - lower layer enclosing the pseudomorphs . 


FIGURE 2. The Leventsovka sand pit near Rostov-on- 
the-Don. Example 2 of cryoturbations: two layers 


of warped sand separated by undisturbed sands. The 
base of an upper sequence with clay concretions and 


bones of Elephas plainfrons Fale is seen on top. 


35 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


FIGURE 3. A scaled diagram of 

twisted sand in the lower se- 

quence from Grom Mountain on 

Sal River, near Nesmi yanovo 
village. 

1) ferruginous coarse sand at 
the base of the upper series; 
2) frost-twisted sands; 

3) talus. 


only 3 to 4 m thick inits segments of twisted 
sand beds atLeventsovka. Itis underlain by 
about 2 m of yellow -gray slaty limestone (Meotis) 
and by graySarmatianclay. Below the water's 
edge at Nesmiyanov hamlet, the Yergeni sand 
rests directly on clay. The warping has been 
observed in three places in the Leventsovka 
quarry, 75tol00mapart. Inthemiddle locality, 
these sands rest upon gently, diagonally cross- 
bedded sand, below whichthereis the second 
unit of warped sand beds. These sands are 1 to 
1.2 mthick, with the intervening cross -bedded 
sands 0.5to 0.75 mthick. Locally the top of 

the lower cryoturbation sands changes to lenticu- 
lar gray oozes witha coarse lenticular strati- 
fication. All attempts by the pollen laboratory 
at the Geological Institute, the U.S.S.R. Acad- 
emy of Sciences (L.L. Skiba) to obtain some 
pollen from these oozes as wellas from clay 
intercalations in the overlying sand and the Scy- 
thian clay, wereunsuccessful, Pollenis seldom 
preserved in continental deposits of the south; 
perhaps it never got into these particular de- 
posits, if they were deposited under glacial 
conditions. The cryoturbation evidence of glacia- 
tion here remains unsubstantiated, although itis 
not the only one, as shown in my paper on the 
Yergeni sequence [13]. 


It appears that a complete understanding 
of climatic changes in the Akchagylian and 
Apsheronian will be gained only after the pub- 
lication of I. P. Maslova's study (Oil and Gas 
Scientific Research Institute) of cores from 
boreholes in the Cis-Caucasian foredeep. 
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Along the Middle Volga, as shown by A.V. 
Vostr yakov et al [1] and inmy own monograph 
and papers [10, 11, 12], evidence of permafrost 
in Akchagyl deposits is generally combined with 
the presence of a pollenassemblage of dark 
coniferous tayga (virgin forest), although even 
there pollen is missing in the warped beds them- 
selves, probably primarily because of the lack 
of vegetation. There are numerous typically 
lenticular deposits, and occasional traces of 
kekyphi and of transportation of chunks and 
boulders by ice floes. 


In the Kama region, G.I. Goretskiy[2] has 
determined a number of climatic changes, by 
pollen from the Kinel'-Akchagyl-Domashkino 
beds. There were warm and cold cycles, with 
the latter, in his opinion, never attaining the 
status of glaciations. However, itis easily 
demonstrated, as has been done inmy special 
paper, that this viewis at variance even with 
G.I. Goretskiy's data. It canbe inferred from 
his diagrams ({2], Figure 3) that only dark conif- 
erous tayga yielding the pollen of spruce, pine, 
and fir, persisted along the lower Kama and 
elsewhere, toward the beginning of the Akhchagyl 
sea trangression. § 


Incidentally G.I. Goretskiy himself sees 
evidence of the advent ofa cold time of the true" 
continental 'Mindel” glaciation, in the appear - 
ance of the pollen of such "'cold-loving plants" 
as Betula nana L. and Selaginella selaginoides 
Link among the pollen and spores of the same 
dark coniferous tayga, even "with isolated 
representatives of broadleaf forms, linden, 
elm, andoak." Itis this very pollen of dwarf 
birchand the spores ofa polar Selaginella that 
have been observedinatayga horizon of the 
Kinsel sequence, in which I perceive traces of 
frost and the first glaciation. It is reasonable 
to ask therefore, that since not a trace of 
leafy trees (let alone the broadleaf ones) is left 
in the Kinel-Akchagyl tayga assemblage, why 
is that glaciation different from a "true" one? 


These facts make the views of G.I. Goret- 
skiy [2] on the advisability of leaving the "lower 
boundary of the Quaternary as is" (not equating 
the "Russianized Mindel” of the Oka glaciation 
and the Akchagyl) at variance with the true 
situation and with the scope of our knowledge. 
The first glaciation, which occurred in the 
Akchagyl, was not during a warm time, of 
course; nor was it exclusively a mountain 
glaciation but rather continental in extent, with 
the deposition of moraines and other glacial 
features in the glacial region, and with perma- 
frost extended over a broad periglacial zone 
embracing all of eastern Europe. Inthe north, 
in the Kama region (Barsukovo), the ground 
thawed out but little in the summer; in the 
south, near Rostov, it thawed out somewhat 
deeper. 


Let us now look over the contemporaneous 
situation in Europe with its mild marine cli- 
mate. As I have noted [9, 11], F. Lona and S. 


FIGURE 4. 


The Leventsovka sand pit near Rostov-on-the-Don. 


y) 
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Example 1 of 


cryoturbations with a detail of warped bedding becoming undisturbed, on 


the left. 


Venzo demonstrate that as early as the oldest 
phase of the Dunjyj Danubian glaciation assigned 
to the Villafranchian Pliocene, Alpine vegetation 
descended from 1200 or 1800 m above sea level 
down to at least 400 m, where its remains are 
now found. Considering the very probable re- 
cent uplift of that region, I believe that the 
former lowering of vegetation belts, and con- 
‘sequently of the snow line in the Southern Alps, 
was even greater. Generally speaking, it is 
quite commensurable with the lowering of the 
‘snow line during the Middle and Upper Pleisto- 
cene Alpine glaciations. And even if no glacial 
deposits of the "Danubian phases" of most 
ancient glaciations have been found in the 
Alpine foothills, as yet, they are known from 
the Caucasus as the lower of the two El'- 
khotovo moraines described by M.S. 
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Hammer is stuck at the base of an upper sand series which trun- 
cates the lower one. 


Shvetsov® (1928) from the thick "Akchagyl- 

Apsheronian" series of continental deposits. 
A contemporaneous plains-land glacial mor - 
aine was discovered by drilling in the valley 
of the ancestral Kama" near Solikamsk. 


Just as strong evidence of permafrost was un- 
covered in pre-Tegelen deposits of the Nether - 
lands and the Rhine border region of Germany. 
New data on it, confirming the observations of 
F. Florschutz [29] and A. van Sommeren [1948] 
briefly mentioned above, appeared recently in 
the Dutch and German geologic literature. As 
early as 1951 a paper of R. Wolters was 


6Discovered by V.G. Orlovskiy in 1926; observed 


later also by A. L. Reingard [20, 21] and V.P. 
Rengarten [22]. 
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FIGURE 5. 
sand near Rubashkino hamlet, 


Frost-induced plication in the Yergeni 


on Sal River. Photo 


by Yu. M. Vasil'yev, 1957. 


published, describing and illustrating pseudo- 
morphs of ice wedges in the Reuverian Pliocene 
clays and filled with the oldest Quaternary grav- 
el sand - dlteste Diluvialschotter’ (Figure 6). 


The pseudomorphs are up to 2 m deep and 
15 cm wide. As seen in the sketch, they are 
twisted and torn apart after having been formed 
by permafrost movements; in this sense, they 
are fully comparable with those examples which 
I have observed (compare Figure 6 and Figure 
1). They appear here below the oldest ''Schotter, " 
along with other evidence of a higher activity of 
river ice, As early as 1910, G. Fliegel [43] 
found quartzite boulders up to 70 cm long, in 
the basal rubble; for that reason, he believed 
these gravel-rubble sands to be glacial. R. 
Wolters, too, found quite rough quartz and 
quartzite boulders as large as a head and, what 
is more significant, chunks of soft rocks, such 
as phyllite, whose transportation by water must 
be ruled out. Overlying these sands is quite 
undistrubed Tegelen clay with remains of a 
warm interglacial climate, including Carya, 
Pterocarya, and Tsuga. R. Wolters believes 
the permafrost evidence is from the GUnz glacia- 
tion; however, inhis paper read before the Ger- 
man Geological Society (abstract published in 
the following year, [45], he suggested the Danu- 
bian glaciation as the more probable; he was 
careful not to correlate such distant provinces 
as the Netherlands and Northern Italy (the Leffe 
Series). 


Pollen analyses for that border province 
(Briggen-Wenlo) were made by Miss Mucken- 
hausen and V. Brelie, with a summary pub- 


"The clay pit, described by R. Wolters, is located 
in the Dierhart Forest, near village Hubertus Quelle. 
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lished by U. Rein[37]. The following pollen is 
typical of the Reuverian Pliocene clays: of the 
Pinus haploxylon type, 0 to 10%, together with 
Pinus silvestris; Tsuga, 0 to 8%; Scyadopitys, 
2 to 8%; Sequoia and Taxodiodites hyatus R. 
Rot., Juglans, Carya, and Pterocarya, 0 to 20% 
Fagus, 1 to 10%; Castaneoidites exactus R. 
Pot., Liquidambar, and types of Nyssa aquatoid. 


Typical of the Tegelen clays, Tsuga (0 to 
2%); Cupressinae, Juglans, Carya, and Ptero- 
carya (0 to 15%) are still present, but Pinus 
of the Haploxylon type, as well as Sciadopitys, 
Sequoia, Taxodiodites, and Nyssa are totally | 
missing. The Tegelen clay flora should be 
regarded as belonging to the first interglacial 
period. 


In drilling in the Meinweg-Herkenbosh area, 
the Netherlands, somewhat later, clay sedi- 
ments with pollen were found on the stratigraphic 
level of pre-Tegel sands; they corroborate the 
existence of a glacial climate. Their pollen 
diagram has been published by W. Zagwijn 
([48]; see Figure 7). Its lower part embraces 
the Reuverian Pliocene clays, with the middle 
part, the glacial one, corresponding to the 
sub-Arctic park landscape" of the first, the 
pre-Tegel, glaciation. As mentioned by W. 
Zagwijn ([48], p. 239), pollen data on the con- 
temporaneous marine Amstel beds were ob- 
tained by J.W. Doppert and J. Zonneveld [28] 
from the Hertogen borehole, and from a Zeeuws- 
Vlaandern borehole by W. Zagwijn himself. On 
the basis of their mollusk fauna, beds corres- 
ponding in pollen content to the first half of 
pre-Telegen actually belong to Amstel littoral 
section, in their lower part; and to the Itzen, 
in the upper. 


The top of the overlying interglacial Tegelen 
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FIGURE 6, 


Rhine. 


iclays® was found to carry evidence of perma- 
frost, similar to that present in the top of the 
/Reuverian clays. This evidence is more plenti- 
ful in the overlying "papzand,"® the''Kedihem 
series'’ sands, with traces of ice wedges found 
‘in the middle of it (Figure 8) and a buried soil 
with the pollen of broadleaf trees (up to 10%) 
‘in the upper. Van Straaten [38] describes 
numerous examples of frost phenomena. They 
fall took place prior to the Kromer interglacial 
time, with nut trees and tsuga flourishing in 
the "Vaal" warming up period (Carya, Ptero- 
carya, Tsuga); they finally died out during the 
following glaciation, named Menapian (Figure 
9) by W. Zagwijn [48]. Thetwo Kedihem series 
Kedihem series glaciations, the Elburonian 
and the Menapian, are correlated by W. Zag- 
wijn with Stages I and III of the Alpine Glinz, 
according to F. Lona and S. Venzo[33, 49]; 
see Figures 10 and 11. 


' The W. Zagwijn paper [48] gives a strati- 
graphic differentiation of the Lower Pleisto- 
cene of the Netherlands and correlates it with 
other countries. Also participating in the 
working out of that section, which turned out to 
be fairly complicated, were G. Sluijs [32], J. 
Zonneveld [49]. F. Florschltz [29], anda 
number of other authors. A survey of the 
Stratigraphy of lower Rhine terraces is given 
in papers of H.W. Quitzow [36] and J. Zonnen- 
veld [50], included in the two symposia on the 


8Tegula-Latin for tile; tile clays have been worked 
since Roman times; one of the villages in this dis- 
trict has the Hollandized name of Tiglia. 


9Papzand-oatmeal sand, a local name applied to 
other sands, as well. 
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Main Terrace 


Tegelen clay _- 


—==~0ldest Quarter- 


Block diagram of the Reuverian clays trim, with twisted 
pseudomorphs of ice wedges in the Hubertus Quelle quarry, lower 
Generalized sketch by R. Wolters. 


Netherland Pleistocene, in issues 18 and 19 

of the Holland Mining -Geological Society 
(Geologie en Mijnbouw, No. 12, for 1956; and 
No. 7 for 1957) which contain much interesting 
and valuable material on pollen, geomorphology, 
stratigraphy, and neotectonics. It is beyond 

the scope of this paper. 


The equivalence in duration and climate, which 
I noted ([10], p. 11) between the Danubian and 
Glnz, and Middle and Upper Pleistocene inter - 
glacial periods, enabled W. Zagwijn to group 
the glacial and interglacial periods in a man- 
ner somewhat different from the way it is done 
in works of S. Venzo and F. Lona for the South 
Alps. According to W. Zagwijn, there are three 
climatic phases in the Leffe series (North Italy) 
correlative with the Netherlandian: Danubian I, 
Glnz I, and Glinz II, corresponding to glacia- 
tions (pre-Tegelen, Eburonian, and the Menapian, 
respectively), while Stages Danube III and Glinz 
II should be regarded merely as temporary 
coolings within the corresponding interglaciations 
(Tegelen and Vaal; see Table on p. 41). 


W. Zagwijn believes that such a represen- 
tation demonstrates a remarkable similarity 
in Lower Pleistocene stratigraphy of North 
Italy and the Netherlands. The Glinz-Mindel 
interglacial period, corresponding to the 
Kromer, is the first one without tsuga and nut 


trees (Carya-Pterocarya-Tsuga). 


W. Zagwijn assigns the Glinz-Mindel to the 
Middle Pleistocene. It comes out that way in 
my classifications, as well [10, 11]; however, 
the U.S.S.R. Pleistocene begins with the 
Likhvinsk interglacial period which is supposed 
to be a younger one, the "Mindel-Riss.'' To be 
sure, as noted by W. Zagwijn himself, after V. 
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FIGURE 7. Pollen diagram from data ob- 
tained from the Meinweg-Herkenbosh 
borehole, the Netherlands, After 
W. Zagwijn. 
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1) tree pollen; 2) wind-pollenized 
grasses; 3) heath brush; 4) coarse sand 
and gravel; 5) fine sand; 6) clay; 7) 
humus clay; 8) clay, very rich in humus 
(clayey brown coal); 9) brown coal; 10) 
clay present; 11) humus present; 


12) 
total pollen of Tertiary trees (Sequoia, 
1) 


éetc., Carya, etc.); 13) 


Pinus; 15 
17) Picea. 


Vialli [41], the Gtinz-Mindel interglacial period 
is still marked by the presence of Archidiscondon 
meridionalis Nesti, in the Leffe series. Re- 
mains of that elephant occur in a forest horizon 
assigned to the Glinz-Mindel-Kromer, by W. 
Zagwijn (see table on p. 41), as well, but they 
have not been observed in the Likhvinsk inter - 
glacial beds for which Elephas trogontherii 

Pohl, is regarded as typical, in the Soviet 
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Betula; 


Alnus; 16) Quercetum mixtum; 


Union. These discrepancies may be eliminated 
by future findings. It must not be ruled out, 
however, that the Kromer interglacial period 
will have to be placed somewhere deeper, if 
not in the Tegelen, as I did [10], or in the 
Danubian -Gltinz interglaciation (which turned 
out to be impossible on the basis of Dutch 
pollen, according to W. Zagwijn), then per - 
haps in the ''Vaal,'’ a new interglacial period 


Trace of an ice vein in 


FIGURE 8. 
the Papzand sand, the Kedihem 
series; after Van Straaten [38]. 


period within the Glinz. The correlation of 
Dutch and British glaciations is evidently not 
clear to W. Zagwijn himself; he has left an 
empty space for English'"'Eslter"' above the 
Kromer interglaciation, 


In any event, it is clear from an analysis of 


ithat there was more than one interglacial period 
(Danubian-Glinz-Kromer, or the "Sandomir" of 
my classifications; [9, 10]). There were at 
least two if not three and perhaps four (Tegelen, 
Vaal, and Kromer, of the W. Zagwijn classifi- 
cation), 


It should be noted, in this connection, that 
if the ''Kromer" of the new Dutch classification 
is indeed correlative with the ''Likhvin," there 
can be no objections raised to my correlation 
of the Dnieper glaciation with Mindel I; the 
Moscow, with Mindel II; and the Riss with the 


data on the Lower Pleistocene of the Netherlands 
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Kalanin. These correlations may need more 
proof, but the necessity of assigning to the 
Pleistocene a considerable portion of the Plio- 
cene, characterized by standard glacial and 
interglacial periods is unquestionable. 


W. Zagwijn also studied ([48], p. 243) pollen 
from the entire thickness of the Reuverian 
Pliocene in the Netherlands and classified its 
phases of cooling; however, their effect on 
vegetation was ‘‘incomparably weaker."' For 
that reason, he believes that the Pleistocene 
should begin from the Reuverian and pre- 
Tegelen deposits. 


It is possible that deposits noted by G.I. 
Goretskiy [2] in the Kinel clay belong to these 
Pliocene climatic changes. However, the sit- 
uation is not quite clear and requires a more 
penetrating paleobotanic and stratigraphic 
study. 


Another province where valuable data on 
the lower boundary of the Pleistocene have been 
obtained by M.M. Tsapenko and N. A. Makh- 
nach, with more data undoubtedly forthcoming, 
is Belorussia and particularly some areas of 
the Poles'ye which have a tendency to subside 
and accumulate sediments. The Pliocene and 
Lower Pleistocene of the Voronezh-Tambov 
trough, the very place where P.A, Nikitin and 
M.N. Grishchenko later started to study the 
continental Pliocene of this country also is 
inadequately known. Thick sequences in that 
plains-land province lie below the river water 
level; they have been uncovered almost ex- 
clusively by drilling. 


Very fruitful for the drawing of the lower 
Pleistocene boundary has been the work of I. 
P. Maslova (Oil and Gas Scientific Research 
Institute) in the Cis-Caucasian foredeep, ac- 
companied by palynologic study of deep cores. 
The results of this work, now in progress, 
promise to ve bery interesting. 


No less thick are Quaternary deposits in the 
upper course of the Ob. However, many floral 
assemblages, the indexes for interglacial per - 
iods, are missing in Siberia, making the flora 
monotonous and inarticulate. Lower Pleisto- 
cene aeolian clays occur deep below the river 
water level and are little known. It is possible 


(after S. Venzo) 


Netherlands 
(after W. Zagwijn) 
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FIGURE 9. Pollen diagram from the Weghel borehole. 
After W. Zagwijn [48] . Symbols the same as in 
Figure 7. 


that complete parailelism of Early Pleistocene 
events will be established for western and east - 
ern Europe!® as a result of future special study 
in this field. However, even now there are no 
reasons to assign these events to the Pliocene, 
as is done by G.I. Goretskiy, overawed by 


10Netherlands and North Italy, Poles'ye, Don- 
Voronezh trough, and Kinel-Akchagyl and perhaps 
Apsheronian deposits of the Volga and Cis-Caucasus 
regions. 
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the "antiquity" of the Akchagyl; nor is there 

any reason to estimate the duration of the Quater- 
nary, in its new interpretations (including the 
Apsheronian and Akchagyl), at 3.5 to 4 million 
years, according to V.I. Gromovy, I.1. Krasnov, 
and K.V. Gromov ([3], p. 7). As shown by the 
study of deep oceanic oozes by J. Og (from Urri's 
computations), C.D, Ovey [34], and G. Arrheniu: 
[25], the entire period of time marked by re- 
curring glaciations comprises 1 to 1.5 million 
years. The coincidence of (sea-bottom) ooze 
core sections with cold and warm effects as 
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FIGURE 10. Correlation and differentiation of Pliocene-Pleistocene of the 
Netherlands; after W. Zagwijn [48]. 


Closed interior basins, such as the Black 
Sea, whose salinity and fauna have been re- 
lated to the level of the universal ocean (in 
turn eustatically related to the climate of the 
earth), may also yield valuable and complete 


well as with glacial and interglacial Pleistocene 

periods‘! (in its new meaning) offers a hope 

that a more rapid and better understanding of 

Pleistocene history will be gained by a study 

of deep oceanic oozes than by our painstaking 

search for truth among continental and shallow material on glaciations. However, the thick- 

marine deposits. ness of their Quaternary deposits probably ex- 

ceeds the technical means of taking continuous 

cores, even from the calmest and deepest parts 

of a sea. Nevertheless, a comprehensive 

11gee also works of N.A. Belov and N.N. Lapina study of bottom cores from the Black Sea, of a 
length as great as possible, would be very 


(in Dokl. AN S.S.S.R, t, 122, no. 1958) Asl, 
Moskvitin[14], and D.1. Shcheerbakov [24]. valuable in the knowledge of the Pleistocene, 
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: Marine terraces along the Black and Azov 
+Seas coast have long attracted the attention 
'of scientists. They have been studied by 

|N. I. Andrusov [1, 2, 3] etc.), A. D. Ark- 
jhangel'skiy and N. M. Strakhov [4], A.P. 
Pavlov [15], V. V. Bogachev [6], I. I. Babkov 
[5], N. B. Vassoyevich [8], M. I. Varentsov 
[7], N. A. Grigorovich-Berezovskiy [10, 11], 
V. I. Gromoy [12], A. I. Moskvitin [13] ff.), 
\M. V. Muratov [14], G. I. Popov [16], G. I. 
Goretskiy [9], Ye. V. Shantser [19], A. G. 
Eberzin [20, 21, 22], and many others. 


Without citing details of this study, we only 
note that, as a result, data have been obtained 
on the distribution, elevation, and age of the 
Black Sea terraces. 


As of now, the Chaudinsk (or Chaudinsk- 
Baku), Ancient-Euxinian, Uzunlar, Karangat, 
and Neo Black Sea? terraces are known from 
‘the Black Sea shores. The Neo-Euxinian basin 
coast line is below the Black Sea level. The 
‘statement of A. G. Eberzin and P; I. Ivchenko 
|[2] to the effect that this terrace lies above 
'sea level has not been substantiated by recent 
study. 


_ Most of the above-named authors dealt 
‘only with separate segments of the coast whose 
/terraces were not tied into a single system for 
‘the entire Soviet Black Sea coast. 


This paper, without any claims for com- 
pleteness, and presenting a generalization 
of data obtained in the 1953, 1955, 1957, 
and 1958° studies is an attempt to give an 


iDrevniye beregovyye linii Chernogo morya na 
poberezh'ye Kavkaza. 


2In preceding works, this terrace was called Ancient- 
Black Sea. Our 1956-1957 study has made it necessary 
to rename it the Neo-Black Sea. 


3The 1953 work was carried on according to a plan 
of the Oceanology Institute, the U.S.S.R. Academy of 
Sciences; the 1955-1958 work, according to a Geologi- 
eal Institute of the U.S.S.R. of Sciences plan. 
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by 
P.V. Fedorov 


ANCIENT SHORELINES 
OF THE BLACK SEA ALONG THE CAUCASIAN COAST! 


over-all picture of terraces along the Cau- 
casian coast. 


The oldest Quaternary terrace on the Black 
Sea coast is associated with the Chaudinsk 
brackish-water basin, correctly named the 
Chaudinsk-Baku, by G. I. Popov [16]. This 
terrace has been considerably denuded and is 
standing only in isolated remnants, specif- 
ically on the south shore of the Kerch Penin- 
sula. 


Here it represents an erosion surface 
truncating dislocated Paleogene clays. The 
thickness of the Chaudinsk deposits attains 
several meters. They are split into two 
parts by loess-like loan: the lower, areno- 
argillaceous, with a fauna of Didacna parvula 
Nal., D. baeri-crassa Pavl., and Paludina; 
and the upper, a coquina bed with Didacna 
pseudocrassa Pavl., D. rudis Nal., D. 
tschaudae Andrus., D. cardiotoides Andrus. , 
D. pallasi Pav., and D. eulachia Fed. (Bog.). 
The height of the coast line at this terrace is 
about 25 m. 


It appears to be possible to agree with the 
earlier students [2, 14] that remnants of the 
highest proluvial terrace surface, 160 m high, 
in the Sudak area, are Chaudinsk. The Chau- 
dinsk terrace is 40 to 45 m high in the Lit- 
vinov Point area, the northwest part of the 
Taman Peninsula (on the coast). Sand deposits, 
several meters thick, with Didacna parvula 
Nal., D. baeri-crassa Pavl., Paludina, and 
Unio, rest here on an eroded surface of 
Lower Sarmatian clay. 


According to A. G. Eberzin [22], loam of 
the west coast of the Taman Peninsula, south 
of Point Tuzla, about 10 m thick, are under- 
lain by a conglomerate bed, 1 to 2 m thick, 
with fragments of Chaudinsk and older (Kim- 
merian) shells. However, the presence of 
the Chaudinsk Didacna fragments is only an 
indirect evidence of the Chaudinsk age of 
these deposits, because a redeposited fossils 
may be present in younger deposits. 


The Chaudinsk-Baku terrace is fairly 
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widely distributed along the Caucasian coast, 
although it is considerably broken up by erosion 
and denudation. It has been observed usually 
southeast of Dzhubga [12, 13, 14, 19]. 


This is the highest marine terrace along the 
coast (95 to 110 m), not counting the dismem- 
bered terrace surfaces in the estuarine areas 
of large rivers (Gumista, Kodar, etc.), 
apparently Pliocene. 


In the summer of 1958, we succeeded in 
discovering a Chaudinsk terrace northwest of 
the Pshada mouth, in the area of Idukopas 
Point. Here, truncated and steeply dipping 
flysch beds are overlain by conglomerate and 
detrital limestone, 2 to 3 m thick, with a 
fossil assemblage (usually impressions and 
fragments) of Didacna cf. rudis Nal., D. 
pseudocrassa Pavl., D. cf. parvula Nal. , 

D. tschaudae Andrus., D.pleistopleura Davit. , 
Dreissens, and Teodoxus. 


The top of these deposits stands 45 m high. 
Considering the width of the terrace, it may be 
assumed that its ancient coastline stood about 
50 m high. 


Southeast of Tuapse, remnants of the Chau- 
dinsk terrace, about 100 m high, are seen 
along almost the entire coast, as far as the 
mouth of Kodor River. A fossil assemblage 
from this terrace is known only from the 
Sukhumi area [12]. A fossiliferous Chaudinsk 
terrace, of the same height of 100 m, is 
developed in Guriya, i.e., in the foothills of 
the Little Caucasus. 


Thus, definite regularities in the position 
of this terrace are present along the Caucasian 
coast. 


First, its height remains at practically the 
same level of about 100 m, along the entire 
coastline from Tuapse to the mouth of the 
Kodor. 


Secondly, there is no gradual transition 
between this stretch of coast and that at 
Idukopas Point where the terrace is 50 m 
high. It is quite probable that this break in 
the Chaudinsk coastline is related to a definite 
structural break marking a change from the 
Caucasian uplift zone to that of the western 
Caucasian foredeep, not as a gradual sub- 
sidence but as one or several faults. 


Third, the complete similarity in elevations 
of the Chaudinsk coastline within the Greater 
and Little Caucasus is quite striking. 


It is interesting that similar features are 
characteristic of the Baku terrace on the 
Caspian side of the Caucasus [17, 18], except 
that the latter is much higher, attaining 250 m. 
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The Ancient-Euxinian terrace of the Black 
Sea is much better preserved. To be sure, on 
the Kerch and Taman peninsulas it is over- 
lain by younger Uzunlar and Karangat deposits, 
has no morphologic expression, and stands 
only a few meters high above sea level. In the 
Caucasus, however, from the mouth of the 
Pshada and as far as Sukhumi, it is quite 
conspicuous. It is represented by conglom- 
erate, detrital limestone, and sandstone, less 
commonly by argillaceous sands, total thick- 
ness 1 to 3m, resting on dislocated and 
eroded basement rocks and carrying a fossil 
assemblage of Didacna nalivkini Wass., D. 
pseudocrassa, etc. 


Between the Pshada mouth and Beskrovnyy 
Point the Ancient-Euxinian coast line is 40 to 
42 m high, with 60 m high southeast of Point 
Agriya and as far as Sukhumi. 


Thus the Ancient-Euxinian terrace, like the 
Chaudinsk, is uniformly high between Tuapse 
and Sukhumi. Northwest of Tuapse, it forms 
a bench in its longitudinal section and stands 
40 to 42 m high. The depressed stretch of 
the Ancient-Euxinian terrace is overlain by 
littoral Uznular deposits, at an elevation of 
30 to 35 m; this is especially noticeable east 
of the Pshada mouth (between Krinitsa and 
Betta villages) where detrital limestone with 
intercalations of a pebble conglomerate and a 
Didacna nalivkini Wass. assemblage are over- 
Iain by coarser conglomerate with Cardium 
edule L. The latter are developed ina 
rather narrow band along the terrace edge, 
on the sea side, while Ancient-Euxinian lime- 
stone, changing to coarse conglomerate in- 
land, cover the entire width of the terrace. 
The superposition of Uzunlur deposits on the 
Ancient-Euxinian terrace has been observed 
southeast of Dzhubga, at Tenginka village[4]. 


Southeast of Point Agriya and as far as the 
Kodor mouth, the Uzunlur terrace is traceable 
at an elevation of about 40 m. It maintains 
this height farther on, along the Little Cau- 
casus and Guriya coast. 


Only in a small segment Ashe-Makopse 
(southeast of Tuapse) did we observe this 
terrace at an elevation of 42 to 45m, which 
is connected with local uplift on a background 
of the general and very gradual rise of the 
coast as reflected in the striking consistency 
of the ancient Uzunlar sea coastline. A very 
curious fact should be noted here - the com- 
plete similarity in the elevations of the Uzun- 
lar terrace in both the Greater and Little 
Caucasus. 


The Uzunlar terrace is one the most 
characteristic and best defined in the 
weathered surface relief of the Caucasian 
coast. It is well preserved almost everywhere 
southeast of Dzhubga, as far as the mouth of 


it 
| 
SS River, and in Guriya. 


The superposition of the Ancient-Euxinian 
terrace by Uzunlar deposits, between the 
mouth of Pshada and Tenginka village, suggests 
a close stratigraphic relationship between 
Ancient-Euxinian and Uzunlar beds. At the 
same time, the presence of two independent 
‘terraces, the Ancient-Euxinian and Uzunlar, 
southeast of Tenginka lends substance to the 
}assumption of a definite break between the 
|60-m and the 40-m terraces. 


The Uzunlar terrace is not expressed 
morphologically within the Kerch and Taman 

‘peninsulas. Here, Uzunlar deposits are buried 

| under Karangat continental to marine deposits 

and are located 1 to 5 m above sea level. 

The continental mantle is also characteristic 

/ of the Uzunlar terrace along the Caucasian 

coast. 


Karangat (Tyrrhenian) deposits, with their 
‘richest fossil assemblage of a Mediterranean 
\fauna, are widely distributed along the Cau- 
/casian coast and in the Kerch-Taman area. 


Up to recently, only one Karangat terrace, 
15 to 29 m high, was identified in the Cau- 
casus [12, 13, 19, 21]. However, our own 
geomorphologic, stratigraphic, and paleon- 
‘tologic study of the Caucasian coastal terraces 
gives a basis for identifying two Karangat 
terraces, a high and a lower one. The high 
‘Karangat terrace is mostly erosional, 24 to 
26 m high (along the ancient coastline). Its 
edge is 19 to 20 m high, descending to 16 or 
18 m where the terrace is particularly wide 
‘(west of the mouth of Agoy River; southwest 
of Adler, etc.). The lower Karantag terrace 
/is 12 to 14 m high (shoreline). Its foundation 
is made up of the same basement flysch rocks 
as that of the high terrace; consequently its 
formation was preceded by erosion. However, 
the deposits of this terrace are locally 6 to 8 
'm thick, while those of the high terrace are 
1 to 3 m thick (under the same conditions 
of an eroded coast). 


In the estuarine reaches of the rivers, both 
terraces are constructional. Contrary to Ye. 
-YV. Shantser's view [19], it must be noted that 
Karangat deposits here do not cover the alluv- 
ium; on the contrary, coarse alluvial gravel 
-beds overlie the well-stratified marine sands 
-and gravels. 


The richest molluscan fauna is present 

in deposits of the lower 13-m terrace. It 

is represented by Cardium tuberculatum L., 
'C. edule L., Tapes calverti Newt., Pecten 
ponticus Mil. , Ostrea taurica Kryn., Venus 
gallina L., Aporrhais pes pelicani L., Mytilus 
galloprovincialis Lam., Mactra subtruncata da 
Costa, Cerithium vulgatum Brug. , Nassa 


reticulata L. A similar fossil assemblage, 
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although not as numerous, is present in de- 
posits of the high Karangat terrace. We have 
collected Cardium tuberculatum L. and Tapes 
calverti Newt. in the high terrace, between 
Khosta and Adler. They are known also from 
other localities along the coast. For this 
reason, the low terrace cannot be Surozhian 
[16]. A terrace near Adler, forming a bench 
10 to 11m. high (or 15 to 16 m. above sea 
level), and formed by stratified consolidated 
sands with gravel beds and an improverished 
Karangat fauna of Venus gallina L. and 
Donax julianae Kryn., is regarded as Suro- 
zhian by G. I. Popov [16] and G. I. Goretskiy 
[9], because it is lower than the Karangatian 
and does not contain the typical Karangatian 
mollusks, Cardium tuberculatum and Tapes 
calverti Newt. 


However, our observations have shown 
that the terrace rim was lowered artificially 
by a quarry; in adjacent segments the terrace 
has its normal height of 24 to 25 m. 


About 0.5 to 1 km northwest of there, 
Cardium tuberculatum L. and Tapes calverti 
Newt. were collected from deposits of the 
same terrace. The impoverished molluscan 
fauna of this terrace at Adler is due to the 
proximity and freshening effect of the mouth 
of Mzymta River. Consequently, this terrace 
is Karangatian rather than Surozhian. 


Both Karangat terraces, the high and the 
low, carry the same Mediterranean (Tyrrhen- 
ian) fossil assemblage; biostratigraphically, 
they are a single unit. The presence of two 
geomorphologically- distinct surfaces - a high 
one, chiefly erosional, and a low one, chiefly 
accumulative - is the result of a progressive 
uplift related to that of the Caucasus; it also 
may reflect the two phases of a Karangatian 
marine transgression. 


The high Karangat terrace is separated 
from the Uzunlar surface by an escarpment, 
10 to 15m high. This induced A. D. Ark- 
hangel'skiy and N. M. Strakhov [4] to assume 
the presence of a break between the Uzunlar 
and the Karangat brought about, according to 
them, chiefly by tectonic causes (post-Uzunlar 
uplifts). 


Evidence of a break between the Uzunlar 
and the Karangat is present also in a number 
of localities on the Kerch peninsula (Lakes 
Uzunlar, Tobechik, and Chokrak). Here, 
Uzunlar and Karangat marine sediments are 
separated by terrestrial clays. 


Karangat deposits on the Kerch and Taman 
peninsulas form a single body of littoral 
marine sand and shell beds, less commonly 
of clay, not differentiated by appreciable 
breaks. To be sure, there is at least one 
erosional surface in the Karangat section, 
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in the area of Karangat Point and along the 
coast north of Tobechi Lake, but it is the 

boundary between two facies rather than a 
stratigraphic break. 


The Karantag (Tyrrhenian) terrace is mor- 
phologically poorly expressed along the shores 
of the Kerch and Taman peninsulas because 
it is overlain there by fairly thick (up to 10 
to 12 m) loess-like loams. The thickness of 
Karangat deposits ranges here from one to 
seven meters, with an ancient shore line 
suggested at 5 to 8 m. 


The formation of the Lower Karangat ter- 
race was followed by a deep incision of all 
river valleys in their estuatine reaches, caused 
by a post-Karangat regression of the Black 
Sea and by the Caucasian uplifts. 


The contemporaneous basin outlines were 
near the present water level, below sea level. 
The Surozhian terrace, discovered by G. lI. 
Popov [16] and corresponding, according to 
him, to a marine transgression prior to the 
Neo-Euxinian regression, has not been observed 
by this author along the Black and Azov Seas 
coast. A low terrace, 3 to 5m high, referred 
to by G. I. Popov, turned out to be Holocene 
(Neo-Black Sea). 


Thus, traces of the Black Sea coastlines,. 
during a time interval between the formation 
of the 13-meter (lower) Karangat and Neo- 
Black Sea terraces, lie below the water and 
are lacking along the coast. 


Judging from the degree of dismemberment 
(preservation) of the Karangat terraces, their 
differentiation (the Caucasus and the Kerch- 
Taman area), the depth of post-Karangat cut- 
ting of river valleys, the thickness of over - 
lying loam on Karangat deposits in the Azov 
region, and other data, that time interval 
was fairly long; we believe that it embraced 
almost all of the Late Quaternary, 


A Neo-Black Sea terrace appears along 
the Caucasian coast and along the shores of 
the Kerch and Taman peninsulas. It is 
developed especially well along the Azov 
shore of the Kerch peninsula, east of Kazantip 
Point, on the south Crimean shore; and in the 
Caucasus, southeast of Khosty. The shoreline 
of this terrace is 3 to5m high. On coastal 
stretches protected by promontories or by 
large shoals, where the modern surf in 
storm does not rise higher than one meter, 
the terrace usually is 3 m high, with 5 m on 
unsheltered stretches. The latter is true for 
the entire Caucasian coast. In view of the 
above, it can be assumed that the Neo-Black 
Sea coastline has not undergone deformation. 


Deposits of the Neo-Black Sea terrace carry 
a Mediterranean-type faunal assemblage, 


50 


somewhat more adapted to salt water than the 
present fauna. Present here are Cardium 
edule L., Venus gallina, L., Nassa reticulata 
L., Solen marginatus Penn., Ostrea taurica 
Kryn , and Pecten ponticus Mil On the basis 
of a finding of remains of the Koban' culture, 
V. I. Gromov assigns the Abkhazian segment 
to the Bronze Age [12]. We concur with that 
dating [18]. 


The Neo-Black Sea terrace corresponds to 
the Nice terrace of the Mediterranean, of the 
same height of 4 to 5m. 


D. Yaranov, a Bulgarian geologist (oral 
communications), has observed an erosional 
terrace, about 5 m high, on the north Aegean 
coast. Pumice pebbles were found in it along 
with those of other rocks. D. Yaranov be- 
lieves that this pumice is related to the erup- 
tion of one of the Mediterranean volcanos, 
which took place in the second millenium of 
our era. 


Thus the age of this terrace, in both the 
Black Sea and the Mediterranean regions, is 
approximately the same, falling into the 
second millenium before our era. 


Very recently we have succeeded in dis- 
covering a still younger terrace, the Nymphean 
[18], whose deposits overlie recent loam with 
artifacts of ancient Greek colonies on the Black 
Sea shores (Fourth century B,C. to the First 
or Second centuries A. D.). 


The Nymphean terrace, 1.5 to 2 m high, 
has been found, up to the time, only on the 
east shore of the Kerch Peninsula and in the 
Batumi area. A broad terrace, about 2 m 
high, between Anapa and the Vityazevskiy li- 
man also appears to be related to the Nym- 
phean marine transgression. The age of that 
terrace is fairly definite; it began to form 
after the third century A.D., which has been 
proven by the fact that its marine deposits 
are overlain by terrestrial loam with culture 
horizons of the town of Nymphea which per - 
sisted into early centuries of our era. 


Along the Caucasian coast, most of these 
marine terraces are correlative with terraces 
of major rivers of the west Caucasian slope 
(Kodor, Gumista, Shakhe, Pshada, etc.). 

Thus the 100-meter Chaudinsk terrace corres- 
ponds to river terrace V; the 40-meter Uzun- 
lar terrace, to terrace IV; the high Karantag 
terrace (25 m), to river terrace III; the 

lower Karantag (12 to 14 m), to terrace II; 

and the Neo-Black Sea terrace, to river ter- 
race 1. Correlation of the 60-meter Ancient- 
Euxinian terrace is not quite clear. 


Considering the stratigraphic similarity of 
Ancient-Euxinian and Uzunlar marine deposits 
and of a break between them, it can be assumed 
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Diagram of deformation in the ancient shorelines of marine terraces of northeastern coast of the Black Sea (from Kerch Peninsula 


to Batum) . 


1) Chaudinsk; 2) Ancient-Euxinian; 3) Uzunlar; 4) Karangat, high; 5) Karangat, lower; 6) Neo-Black Sea. 


Coastlines: 
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that river terrace IV (particularly that of the 

Kodor) was formed in two stages, the Ancient 
Euxinian and the Uzunlar and its present mor - 
phologic features were shaped in Uzunlar and 

post-Uzunlar time. 


The relationship of marine and river ter- 
races in estuarine areas is characterized by 
superposition of alluvial deposits of a river 
terrace on the corresponding marine terrace. 
This can be observed for the Ancient-Euxinian 
and the Uzunlar terraces at the mouths of 
Pshada, Shakhe, Gumista, and other rivers; 
at the Karangat marine and river terraces III 
and II; the estuarine area of Mzymta, Supsa 
(Guriya) rivers, etc. 


Thus the surface of each river terrace 
was formed somewhat later than that of the 
corresponding marine terrace, during the 
initial stages of a marine regression, where 
deltaic and alluvial deposits were progres- 
sively overlapping the marine. 


In considering marine terraces of the 
Caucasian coast, we cannot overlook their 
relationship with glacial formations. 


A terminal moraine discovered by V. P. 
Rengarten, Ye. V. Shantser [19], and others 
in the Amtkhel valley (right tributary of the 
Kodor), in 1958, was also inspected by A.R. 
Geptner and the author. 


Data from aerial photographs and from 
careful personal observations corroborate 
the two authors’ statement to the effect that 
segments of a terminal moraine remain 
standing on the right bank of the Amtkhel, 
below its confluence with Dzhampol River. 
The most obvious remnant is located on the 
left bank of the Amtkhel. 


At the base of a morainal hill, 380 to 400 m 
high, there are small dislocations in strongly 
plicated underlying Paleogene and Upper Cre- 
taceous rocks due to glaciation; above that, 
there is a typical morainal development of 
boulders, chunks of rocks, and silt. Adjoin- 
ing the outer side of the moraine are outwash 
sands. 


Down the Amtkhel, at its confluence with 
the Kondor, there is a terrace standing 120 to 
125 m above the river (310 to 315 m above 
sea level). This terrace is correlated with the 
Kodor terrace IV. We believe that alluvium 
of the latter terrace is somewhat older than 
the terminal moraine and corresponds to the 
initial advance of an ice tongue down the 
Amtkhel valley. The incision of terrace IV 
by the river coincides with the maximum 
spread of the glacier and with the formation 
of the terminal moraine. A. R. Geptner be- 
lieves that correlation of terrace IV and the 
terminal moraine is more correct. 
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Relationship of Marine Terraces of the Black and the Caspian Seas with 
the Mediterranean Terraces 
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Thus, the Uzunlar marine terrace, overlain 
by alluvium of terrace IV in the estuarine area 
of the Amtkhel, is older than the terminal mor- 
aine of that valley, which, in turn, is usually 
correlated with the maximum Quaternary 
glaciation in the Caucasus. This corroborates 
the view of Ye. V. Shantser [19] and V. I. 
Gromov [12]. 


In considering the degree of deformation in 
ancient coastlines of the Black Sea, (see dia- 
gram), the following generalizations can be 
noted: 


32 


1. The older the terrace, the greater its 
vertical displacement. 


2. All terraces along the Caucasian coast 
(except for the Neo-Black Sea) have been up- 
lifted uniformly, without a change in slope 
(especially southeast of Tenginka village). 


3. The magnitude of the uplift is exactly 
the same for the Greater and the Little Cau- 
casus. 


4, The regions of uplifts (the Caucasus) 
are separated from subsidences (Kuban and 
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| Rion plains) not by a gradual transition but 

by an abrupt break in the elevations of ancient 
} terraces, evidently reflecting a deep fault or 
| 2 system of faults. A definite asymmetry is 
} present: the plunge of the Caucasus toward 

| the Kuban plain occurs in two (perhaps three) 
| steps; its plunge toward the Rion plain is a 

) single step. 


5. A latitudinally asymmetric uplift of the 
+ Caucasus is demonstrated by comparing the 

+ deformation diagram with our deformation dia- 
} gram for the Caspian terraces along the Cau- 
* casian coast [17]. 


Thus, while the Chaudinsk terrace has been 

* raised 100 m, on the Black Sea Caucasian 

) coast, the contemporaneous Baku terrace has 

* been raised 250 m in Dagestan and North 

» Azerbaydzhan, on the Caspian coast. In this 

computation, the level of the Chaudinsk and 

| the Baku seas is assumed to be the same, on 

the basis of stratigraphic and paleontologic 
data. 


A similar picture emerges from the com- 

| parison of contemporaneous coastlines of the 

' Ancient-Euxinian and Lower Khazarian seas: 

| the first one stands 60 m high in the Caucasus, 
/ while the second stands 160 and 125 m in the 

_ Eastern Caucasus. 


The striking consistency of the Black Sea 

} terraces at elevations of 5, 13, 25, 40, 

' 60, and 100 m, along a considerable stretch 
_of the Caucasian coast, implies the existence 
| of a Caucasian system of ancient coastlines of 
the Black Sea, as well as of a Caucasian sys- 
_ tem of similar Caspian coastlines developed 

| at elevations of -22 (6), -16 (12), -11 (17), -2 
| (26), 14 (42), 25 (53), 47 (75), 85 (113), 125 
(153), 160 (188), and 250 (278) m. In this 

| system, all Caspian coastlines, from -22 (6) 
/m, to 47 (75) m, inclusively, and belonging 
to the Khvalynsk and the Neo-Caspian, are 

| characteristic for the entire Caspian coast, 
and not for the Caucasus alone. 


A comparison of the Black Sea Caucasian 
terraces with the Mediterranean reveals a 
great similarity in their heights (5, 13, 25, 
| 40, 60, and 100 m). However, only the 
first four terraces are comparable, not only 
in their height but in fossil content, as well. 
Thus the 5-meter Neo-Black Sea terrace cor- 
responds to the Mediterranean Nizza (Nice) 
terrace; the two Karangat terraces (13 and 
25 m) are correlative faunally with the 
Tyrrhenian II] terrace; and the 40-m. Uzunlar 
terrace probably corresponds to the Tyrrhen- 
ian I. 


Despite the great similarity of surface of 
the Ancient-Euxinian (60 m) and Chaudinsk 
(100 m.) Black Sea terraces and the Mediter- 
ranean Milazzian (60 m) and Sicilian (100) 
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terraces, there are no data on their correla- 
tion, as yet. A correlation of the Black and 
the Caspian Seas terraces and their possible 
relationship with Mediterranean terraces, as 
based on material at hand, is presented in a 
table above. 
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PALEOGEOGRAPHIC POSITION 
OF THE KIZEL CARBONIFEROUS BASIN 


AND ITS GENTIC FEATURES IN THE LIGHT OF NEW DATA! 


by 


N.I. Markovskiy 


This paper specifies the position of the Kizel basin located between the Russian Platform and the 
Uralian geosyncline. The main genetic features of the basin are described along with its relation- 
ship in position and coal prospects to the petroliferous, terrigenous Lower Carboniferous deposits 


in the Perm Ural region. 


* * 


Terrigenous sediments occur nearly every - 
where in the Lower Carboniferous section on 
the Russian Platform. They are underlain by 
Tournaisian limestone; toward the top, they 
change gradually to limestone and dolomite of 
the Visean Tula sequence. The upper part of 
the Kizel belongs here, and all of the Stalino- 
gorsk or coal-bearing sequence, and the lower 
part of the Tula sequence. 

This terrigenous sequence is represented by 
an uneven alternation of argillaceous, silty, and 
arenaceous rocks, considerably enriched in 


* 


carbonized plant detritus and commonly carrying 


beds and lenses of coal. In a number of areas, 


especially along the eastern edge of the platform, 


the terrigenous sequence is productive not only 
in coal but in oil and gas as well. 


Numerous correlations of sections from dif - 
ferent localities of the Ural-Volga region re- 
veal a great similarity in their make-up. The 
sequence begins and ends with generally argil- 
laceous transitional formations, expressing a 
change, either conformable or unconformable, 
from carbonate to argillaceous and arenaceous 
deposits, and vice versa. These transitional 
formations are separated by intermediate ones, 
represented chiefly by sandstone, and by pre- 
dominantly argillaceous intervals which are 
mostly coal-bearing. The thickness, the con- 
sistency, and the number of such formations are 
not marked by uniformity. 


Paleontologically, this sequence is almost 
barren; the few index fossils suffest that it is 
not older than the Chernyshin and no younger 


lDaleogeograficheskoye polozheniye Kizelovskogo 
kamennougol'nogo basseyna i yego geneticheskiye 
osobennosti v svete noveyshikh dannykh. 
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than the Yasnaya Polyana. The Lower Visean 
age of its upper part has been fairly definitely 
established, both by the fauna and the spore- 
pollen assemblage. Not definitely determined 
is the age of its lower part which rests in many 
places on an eroded surface of older deposits. 
The most characteristic feature of the entire 
section is its rather considerable coal content. 
However, it is a fact that the first oil gusher 
was drilled in the south of the Kizel basin, at 
Chusovskiye Gorodki, in 1929, opening up some 
of the richest oil areas between the Ural and the 
Volga. It was discovered subsequently that the 
coal measures also carry oil and gas. 


The formation of Lower Carboniferous pro- 
ductive sediments and their fossil fuels is most 
closely related to the paleotectonic and paleo- 
geographic environment of Tournaisian-Visean 
time. 


To be sure, the original features of this en- 
vironment are concealed under thick Carbon - 
iferous and Permian deposits and have been 
considerably modified by subsequent geotectonic 
processes. The ancient structural plan and the 
geographic environment associated with it can 
be inferred only from the character of change in 
the facies and thickness of this terrigenous 
sequence. 


Lithologic features of these rocks indicate 
that they belong to different facies. Throughout 
most of the Perm Ural region, they are obvi- 
ously continental, divisible into two main types, 
the alluvial-channel and the marsh-lacustrine. 


The alluvial deposits, a result of river ac- 
tivity, usually are represented by sandstone and 
siltstone, alternating with shale and claystone. 
Their main features are the inconsistency in 
granulometric composition, the presence of 
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non-horizontal bedding, the abundance of plant 
detritus, and great variations in thickness, both 
laterally and vertically. 


The marsh-lacustrine deposits are mostly 
carbonaceous shale, siltstone, and less 
commonly sandstone with intercalations and 
lentils of coal of different thickness and ash 
content. 


In addition, terrigenous deposits of a dif- 
ferent type include thick deltaic formations of 
the Kizel basin. The latter represented, in 
Early Carboniferous time, the delta of an im- 
mense river. A great accumulation of coal 
took place in the land portion of this delta, dis- 
membered into isolated islands by tributaries 
and channels. At the same time, littoral marine 
conditions of sedimentation prevailed in the east 
and southeast of the basin where claystone and 
sandstone alternate with limestone and dolomite 
locally carrying remains of a euryhaline fauna. 


The shelf zone of the marine basin which 
washed a humid-type alluvial-marsh land sup- 
ported the submerged part of the delta and 
witnessed an apparently mass accumulation and 
burial of plants and organisms. It may be as- 
sumed therefore that while coal accumulated 
over the land portion of this delta, the submarine 
environment of a Tournaisian-Visean sea pro- 
vided a site for complex biochemical processes 
to transform organic substances into liquid and 
gaseous hydrocarbons. It is not an accident 
that oil showings, probably of a secondary na- 
ture, are not uncommon in the Kizel (coal) 
shafts. 


Consequently, although rocks of this terri- 
genous sequence are characterized by their 
different facies, they belong on the whole to 
continental, and less commonly to shallow ma- 
rine formations. The continental sediments in- 
clude numerous coal deposits; widely distributed 
among the marine sediments are rocks with a 
high content of organic carbon and bitumens. 
The latter probably were the source of Carbon- 
iferous oil and gas in the Ural-Volga region. 


All this makes it possible to regard these 
Lower Carboniferous terrigenous deposits, al- 
though resting locally on different Tournaisian 
units and even on the Frasnian Devonian, as a 
single polyfacies body of the same age, formed 
under different physical and geographic con- 
ditions. These conditions were determined by 
geotectonic and to a considerable extent by cli- 
matic factors prevailing at the close of the 
Tournaisian and the beginning of the Visean. 


The marshy lowlands which occupied most of 
the Russian Platform were washed in the east 
and southeast by one or more seas. The border- 
land between the land and the sea was locally 
cut by the estuaries and deltas of rivers flowing 
from the continent. Subaerial portions of 
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deltas were thickly overgrown by a lepidophytic 
flora which penetrated ever deeper into the 
plain and became concentrated first about fresh- 
water and brackish intracontinental basins. 


One of such major deltas is the kizel Car- 
boniferous basin, located in a transition zone 
between the eastern rim of the Russian Platform 
and the western slope of the Middle Urals. The 
coal measures of this basin also belong to the 
productive Lower Carboniferous zone repre- 
sented by a comparatively monotonous rock 
sequence repeated several times both vertically 
and laterally. 


Sand and silt units of the coal-bearing se- 
quence consist almost exclusively of rounded 
quartz grains with accessory minerals repre- 
sented chiefly by zircon, tourmaline, and rutile. 
The sandstones are mostly fine-grained, only 
in places medium-grained. This petrographic 
and granulometric composition of sandstone 
suggests a long path and a long duration of 
transportation and possibly repeated redeposi- 
tion. 


Over 20 coal beds and lentils have been dis - 
covered in the basin, most of them located in 
the middle part of the coal-bearing interval; one 
or two are of workable thickness. 


In structural and geologic features, the basin 
is divided into three coal-bearing areas, the 
Chusov, the Kizel, and the Vishera. The most 
important industrially is the second which has 
been almost completely explored, at the pre- 
sent time. The coal content of this basin is 
different in different areas, and is closely re- 
lated to paleogeographic conditions of the for - 
mation of coal measures. 


A detailed study of the Kizel coal measures, 
carried out at different times by I.I. Gorskiy, 
P.V. Vasil'yev, N.S. Gorodetskaya, G. Ya. 
Zhitomirov, and a number of other students, 
has confirmed the existence of a deltaic en- 
vironment of deposition and formation of coal 
measures. However, opinion is divided as to 
the concrete conditions for existence of the delta 
itself and the genesis of its coal-bearing de- 
posits. A critical evaluation of different views, 
based on field data for the subaerial delta where 
the river splits into numerous branches and 
channels, leads to the establishment of three 
principal zones, contemporaneous but differing 
in sedimentation conditions. 


1. A zone of relatively stable island marshes 
and peat bogs. These deltaic islands, oriented 
latitudinally and persisting for some time, were 
areas of maximum coal accumulation. 


2. An unstable zone of flowing water (a 
river channel, its branches and tributaries) 
whose mobile medium precluded almost com- 
pletely any possibility of coal accumulation; 
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coal-bearing sequence in the central part of the Kizel basin. 
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mostly sand was deposited here, instead. 


3. A mixed zone, characterized by a rapid 
change in environment. In such zones, the 
islands and the river banks might be flooded or 


cut through by temporary branches and wandering 


channels, then become marshy and undergo 
some other change. Coal beds of such a zone 
are usually high in ash, thin, commonly wedging 
Out or being genetically replaced by carbona- 
ceous clay. 


These zones, all belonging to a discrete 
deltaic facies, were anything but consistent; on 
the contrary, they alternated both laterally and 
vertically. Only rarely do they display the 
persistence of the same sedimentary conditions. 
On the whole, their distribution, consistency, 
and recurrence depended on the rapidly changing 
conditions of aggradation and downcutting of 
river waters. In one place, island and offshore 
shoals were washed out while they came into 
existence in another. 


All that resulted in an extremely motley 
picture of lithologic varieties shifting about in 
the terrigenous section. This is well illustrated 
by a north-south cross-section of the Kizel 
region (Figure 1). The top of a unit corre- 
sponding to the base of the Tula limestone was 
taken for the datum, thereby eliminating all 
subsequent influences and restoring, to a certain 
extent, the situation prevailing prior to the depo- 
sition of terrigenous sediments. 


The facies environment was relatively stable 
and enduring in the period of formation of the 
principal workable beds of the basin (11th and 
13th); it is correlative approximately with the 
beginning of the Yasnaya Polyana age. Notice- 
able in this interval is a definite regularity in 
the distribution of coal-bearing and barren 
areas, corresponding to that of former island 
and channel zones. Ona map, this distribution 
is represented by that of main workable beds 
and barren deposits. This is demonstrated by 
bed 11 (see Figure 2), with consideration given 
to a partial erosion of coal, connected with the 
erosion of Hercinian folds and at times hardly 
discernible from the erosion of ancient peat 
fields. 


Present besides typically deltaic facies, in 
the beginning of the formation of the Kizel basin 
terrigenous sequence, are facies connected with 
a gradually receding sea, expressed in marine 
and continental deposits. Similar facies are 
developed in the topmost beds of this sequence, 
except that here they are transgressive. 


Now, if there is no doubt among students of 
the Kizel basin as to its belonging to a fairly 
large delta system, where is the river which 
carried in and deposited this over 250-m thick 
body of terrigenous material? 
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1] - coal bed 11; 2 - barren areas; 3 - 
deposits younger than C7"; 4 - deposits 
older than Cf"; 5 - fault traces. 


We have not found a definite answer to that 
question in works on this basin. There are 
several views on the subject. D.V. Nalivkin 
[4], P.V. Vasil'yev [1], and others believe that 
an ancient river which fed the delta flowed from 
a Siberian continent, i.e. , from east to west. 
This would imply the presence of a Visean land- 
mass at the site of the Uralian geosyncline and 
west Siberian synclise; and of a marine basin in 
the east part of the Russian Platform. Such as- 
sumptions are in direct contradiction to most 


_ First of all, no Stalinogorsk marine sedi - 
-ments have been found on the platform west of 
ithe Kizel area. On the contrary, they acquire 
‘there a definitely continental character. Sand- 
stones which account for 40 to 90% of the entire 
[thickness of the coal-bearing section, in the 
{Kizel area, are monomineral, consisting of 
fwell-rounded and well-sorted quartz grains. 
Present to a small extent among minerals of the 
sheavy fraction are zircon, tourmaline, and ru- 
tile. Unstable minerals are almost totally 

+ lacking in both fractions. Granulometrically, 
}sandstones are represented chiefly by fine- 
grained varieties (0. 1 to 0.25 mm) typical of 
{alluvial-deltaic deposits that have been trans- 
ported over long distances by plains-land rivers. 
The coal-bearing section of the Kizel basin, 
studied in many boreholes and mines, is char- 
} acterized by a very inconsistent distribution of 
) individual lithologic facies, both vertically and 
laterally. This, too, suggests their deltaic 

) channel origin. 


The eastern continuation of the ancient delta 
is truncated by recent erosion. Nevertheless, 
‘in areas of Druzhinino, Lys'va, and Kuzino 

' villages, in the southeast part of the basin, 
‘areno-argillaceous rocks change gradually to 
'marine carbonate facies. The effect of a marine 
jenvironment is also apparent in the Skal'ninsk 
-area where sideritic sandstone is not only widely 
developed but carries marine algae remains, as 
‘well. Still farther south, in the area of Kyn and 
-Obmanka villages, intercalations of limestone 
‘and dolomite appear in the coal measures. 


Thus, if the sea was located east and south- 
/east of the Kizel delta, clastic material un- 
)doubtedly should have come from a land lying 
in the opposite direction. However, probably 
‘the most convincing argument against an easterly 
source for the terrigenous material is provided 
'by the results of a study of petrographic and 
/textural features of this sequence, particularly 
‘its cross-bedding. The latter has long been 
“noted by many students but for some reason 
never used as evidence in reconstructing the 
-paleogeographic conditions of formation of the 
coal -bearing sequence. 


In 1955, a paper by G. A. Smirnov and I. S. 
Svirshchevskiy [5] was published on a special 
study of cross -bedding in the Kizel area. This 
subject is dealt with also in a later paper of 
G. A. Smirnov [6], in considering the sedimen- 
tation conditions during the Uralian Visean. In 
recent years, coal exploration geologists have 
started a systematic study of cross -bedding in 
coal measures. 


Bodies of mixed-grained, cross-bedded |, 
sandstone, locally up to several meters thick, 
have been observed in various localities of the 
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basin where they occur mostly in the middle and 
intermediate beds. Cross -bedding is expressed 
here in parallel laminae whose primary dips | 
attain 20 or 30°, locally as much as 40°. The 
cross ~bedded units usually are underlain and 
overlain, with sharp angular unconformity, by 
more regularly bedded sandstones. This type 
of cross-bedding, typical of deltaic deposits, is 
most common in the Kizel basin. Less common 
is another type where regular stratification at 
the base of a bed gradually changes upward to 
cross-bedding. The contact with overlying beds, 


too, is expressed by a sharp angular uncon- 
formity. 


Determinations of the primary orientation of 
dips in cross-bedding, for sandstone of the coal- 
bearing sequence, from mines and outcrops, 
show a remarkable consistency. Most primary 
cross -bedding dips (70% of over 120 points) were 
east-northeast and east-southeast. The re- 
maining cross -beds dip north-northwest and 
only at isolated points to the northwest, ac- 
cording to G. A. Smirnov [6]. 


The most recent measurements of cross- 
bedding in shafts in the Kospash-Poludennaya 
syncline as well as from deep levels in the Sta- 
lin and the Uritskiy shafts indicate that here, 
too, the primary cross-bed dips are either to 
the northeast or east. At no place have westerly 
dipping cross -bedding been observed. 


G. A. Smirnov notes the following regularity 
in the distribution and character of cross -bedding 
in the Kizel area. In the center of the area, 
near Gubakha village, cross-stratified beds are 
rather thin and have fairly steep cross -bedding 
consistently oriented east-northeast. In the 
Us'va Valley to the south, the cross -bedded 
sandstones are not as thick and the cross- 
bedding is considerably flatter. Moreover, the 
direction of dip of cross~-bedding is not as con- 
sistent as in central areas of the basin. 


Thus the cross -bedding in sandstones of the 
Kizel terrigenous sequence, undoubtedly of 
deltaic origin and an azimuthal in orientation, 
is direct evidence of a river flowing from the 
Russian Platform rather than from a Siberian 
continent as previously assumed. The mouth of 
this ancient river was located west of the 
Gubakha-Gremyachinsk line, with its channel 
in a latitudinal trough between the Verkhnekamsk 
arch to the north and the Krasnokamsk -Polaznen 
swell to the south. Consequently, clastic mate- 
rial came chiefly from the west and northwest 
where the main source of sediments lay in the 
Baltic shield area. This is corroborated also 
by the petrographic composition of a sandstone - 
siltstone sequence, almost completely mono- 
mineral, while material coming from east and 
southeast and deposited within the eastern slope 
of the South Urals, is markedly polymictic. 


The problem of the source of sediments is 
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FIGURE 3. 


|sopach map for the terrigenous Lower Carboniferous of the 


northeast part of the Perm Urals. 


particularly important, both theoretically and 
practically. It sheds a new light on the genetic 
aspect of the Kizel basin and on oil and gas 
prospects in the areas to the west. 


Where the subaerial part of the delta wit - 
nessed the development of peat bogs which 
subsequently gave rise to coal beds, the adjacent 
vast shallow-water zone was a site of mass 
accumulation of plant and animal organic matter 
which became the source of oil and gas. The 
topographically higher position of deltaic and 
alluvial-channel deposits, in relation to oil 
source rocks, promoted a migration of oil and 
gas toward the Russian Platform, during the 
consolidation of these sediments, and an oil and 
gas accumulation in terrigenous Lower Carbon - 


iferous reservoirs. Such reservoirs were re- 
presented chiefly by valley alluvium. 


During the Hercynian orogeny, a portion of 
the subaerial delta as well as the delta front 
were involved in the folding of the west Uralian 
slope. The estuarine segment of the ancient 
river remained on the platform. Thus the oil 
source rocks and reservoirs were again at dif- 
ferent topographic levels, under conditions still 
favorable for a further formation of oil and gas 
fields. 


Although the Perm Uralian region, west of 
the Kizel basin, still is very little explored by 
drilling, the data at hand, with some extra- 
polation, are adequate for making an isopach 
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Structural map of the northeast part of the Perm Urals. 
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tours on top of the Tula sequence (Gat) (After K. S. Shershnev). 


map (Figure 3) extending beyond the drilled 
areas. ‘This map indicates the nature of the 
Change in thickness of the terrigenous sequence 
and reflects to some extent the ancient relief 
prior to its formation. Considering the con- 
figuration of the isopachs and the paleogeo- 
graphic conditions in adjacent areas in the east 
part of the Russian platform, the main direction 
of the ancient river valley, at least in its lower 
course, can be assumed to have been nearly 
latitudinal. Its middle course apparently cut 
the Kudykmar area, with its upper course still 
farther to the northwest. 


The isopach pattern in the area of Chusovaya 
River suggests the presence of another branch 
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or of a river flowing from the southwest. The 
presence of a river valley in the north part of 

the basin as suggested by the isopach pattern in 
the Vishera coal area, cannot be ruled out. 

These possibilities must be checked by surveying, 
geophysics, and drilling. It should be noted in 
this connection that the presence of several 
estuaries at a short distance from each other 
does not contradict the general pattern of their 
distribution along a sea coast where they may be 


either lacking or else almost continuous. 


The present structure of the eastern rim of 
the Russian Platform is in fair agreement with 
the isopach map. A structural map, drawn on 
the Tula unit (Figure 4), suggests that the 
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FIGURE 5. 


Generalized -paleogeographic map of the Perm Ural region 
at the beginning of the Visean, 


| - marsh-lacustrine plain; 2 - river valleys; 3 - areas of higher relief. 


general tectonic features of a Early Paleozoic 
platform were inherited to a certain extent by 
the present structure. The map shows that the 
western part of this area appears to be divided 
into two elevated segments corresponding to the 
Verkhnekamensk arch and the Vyatka uplift zone. 
Separating them is a saddle which may be called 
the Kudykmar; it is a natural trough which of - 
fered a path of least resistance for a river 
channel. This assumption is corroborated by 

a thickness increase in the terrigenous sequence, 
from Polazna to the Yarino oil exploration area, 
18 to 20 km from there. Sandstones thicken in 
the same direction, attaining 34 m in the Yarino 
well No. 1 and 52 min well No. 2. The reser - 
voir properties of the sandstone also improve 

in that direction. This is another proof that the 
deepest central segment of a river valley is 
located north of the known oil area of the 
Permskaya Oblast’. 
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It is quite obvious that a determination of the 
true position of this ancient valley, and espe- 
cially its estuary, is important in evaluating 
coal, oil, and gas prospects of the Upper Kama 
region. [t is true that west of the Kizel basin 
the coal measures plunge to a depth of over 
2000 m, in their passage across the Uralian 
foredeep. Even still farther west, in their rise 
to the eastern rim of the Russian Platform, they 
do not come up higher than 1200 to 140 m be- 
low the surface. 


However, while great depths are a negative 
feature in the search for new coal areas, the 


same factor is positive in the preservation of 
the oil field. 


A great variety in elevations is present also 
on the southeastern slope of the Russian Plat - 
form, along the lower and middle Volga, where 


___ A reconstruction of the physical environment 
jfor the formation of the productive Lower Car- 
jboniferous sequence is not complete without a 
|paleogeographic description, the general out- 
iline of which, on the basis of facies analysis, 
iis as follows. A vast humid plain, covered by 
jnumerous marshes and bodies of water, sup- 
ported a widely developed hydrographic network 
jdivided into individual, more or less large, 
jriver systems. This network, most important 
in the formation of a terrigenous sequence, de- 
jpended on ancient relief, tectonic conditions, 
gand especially climate. The climate, to judge 
from fossil flora, was warm and humid, with 
jabundant tropical downpours radically affecting 
tthe hydrodynamic status of the rivers as well 
\as flooding the marshes and peat bogs. Thus, 
precipitation affected to a considerable extent 
the speed and the nature of deposition of terri- 
)genous material. 


A paleogeographic block diagram in Figure 
|5 does not purport to represent the one-time 
faydrogeographic network which is practically 
junreconstructible. At the most, only the valleys 
of the most important ancient rivers are de- 
(tectable in their fossil state. Such a valley of 
the river flowing Kizel Bay or else directly 

into a Middle Urals Early Carboniferous sea 

is suggested in the north of this area. The 
‘headwaters of a previously discovered ancient 
river [2], extending along the middle and lower 
‘course of the present Kama, then along the 
‘Volga, and into a marine basin located in the 
|Caspian depression, are fairly well outlined in 
the southeast. 


The diagram also shows areas of thinning in 
the terrigenous sequence which is marked there 
‘by an even more continental aspect, suggesting 
thier relatively high position in the ancient re- 
lief. They include the Ksenofontovo area and 
‘northeastern parts of the Kirovskaya Oblast’. 


The most important paleogeographic feature 
is the estuarine delta part of this ancient river. 
First, its subaerial portion with a long-estab- 
lished commercial coal content may extend to 
ithe west, with the scope of such an extension 
determined by technically practicable and pro- 
fitable production depth. Secondly, deltaic and 
‘alluvial channel deposits, especially those above 
‘the Uralian foredeep, may be gas bearing. This 
is ever so much more probable because ex- 
tremely rich oil pools have been discovered in 
the Kinel'-Cherkassy area of the Kuybyshev 
Trans-Volga region, in the delta of the other 
ancient river of the same Early Carboniferous 
age previously mentioned. 


We already have pointed out [3] the simul- 
taneous formation of Lower Carboniferous coal 
measures and oil source beds in adjacent pro- 
vinces or zones of a Volga-Ural sedimentary 
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basin. The spatial change from land to sea, 
from one facies and geochemical environment to 
another, together with the frequent gas and oil 
showing encountered in the Kizel basin shafts, 
are an even more convincing proof of regular 
spatial relationship between regional processes 
of coal accumulation and oil formation. They 
both were most closely related to a definite 
stage of the intensive development of plant and 
animal organic matter and to those favorable 
conditions of concentration which are most fre- 
quent in the littoral zone of eternal struggle 
between land and sea. 


The present attempt at refining the position 
of the Kizel basin in the general paleogeographic 
scheme of the eastern extremity of the Russian 
Platform at the onset of the Tournaisian is based 
on the most recent data obtained from drilling 
for coal and especially for oil, in areas of the 
Perm Ural and the Volga regions. It is quite 
obvious that these data are still inadequate for 
a detailed reconstruction of the boundaries and 
relief of an ancient continent which this area 
was at the time. However, this paleogeographic 
interpretation of the Kizel region and adjacent 
areas presents a new approach to their coal, oil, 
and gas prospects and to more rational planning 
for further exploration of these fossil fuels. 
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In connection with exploratory work in the 
Sredinnyy Range of Kamchatka and with the 
discovery here of recent mineralization re- 
lated to secondary quartzite, the problems of 
Quaternary volcanism, of criteria differen- 
dating younger extrusives, of the age of the 
mineralization, and of its relation to volcanic 
activity, become ever more important. 

Up to recently, these problems have attracted 
out little attention. 


The first draft of a general outline of Quater - 
qary volcanism in the Sredinnyy Range was 
attempted by K. I. Bogdanovich [14]. He be- 
lieved that the oldest extrusives were repre- 
sented by basic hypersthene-augite andesite 
related to crater-like summits of Hoa-Shen 
Ichinsk volcano), Anauna, Aynelkan, Shishel, 
and others. He believed extrusive acid andesite 
and dacite of the Belyy Range, Hangar, and Hoa- 
shen represented a second stage; and finally, 
augite andesite of the most recent extrusives 
represented the third stage. According to K. 

{. Bogdanovich, major fault-surface outpourings 
of feldspathic basalt in the Tigil and Sreddinnyy 
Range are associated with the second stage. It 
also was assumed that the volcanoes were 
associated with isolated peripheral igneous 
centers, independent of tectonics. 


_ This classification gained considerable im- 
dortance; up to the middle 1940's, all students 
2ither adhered to it (A. V. Shcherbakov, D.S. 
<harkevich) or avoided criticism of it (B. F. 
D'yakov). Later on, in studying individual 
volcanoes (T. Yu. Marenina) and in regional 
surveying (Yu. V. Zhegalov, Yu. V. Makarov, 
A. F. Marchenko, and others), stages of vol- 
canic effusions were determined in individual 
working areas, without a specific frame of re- 
ference. Problems of regularities in distribu- 
tion of the Kamchatka volcanoes were consid- 
ered by A. N. Zavaritskiy [5] who assumed a 
relationship between volcanic centers and deep 
faults and outlined the main directions of such 
faults. 

1Ob evolyutsii chetvertichnogo vulkanizma v zone 
Sredinnogo khrebta Kamchatki. 
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EVOLUTION OF QUATERNARY VOLCANISM 
IN THE SREDINNYY (MIDDLE) RANGE OF KAMCHATKA’ 


E.N. Erlikh 


The specific geochemical features of the 
Sredinnyy Range lavas have not yet been studied. 


For the last five years, as a result of study 
by the Far Eastern and the Fifth Geological 
Administrations, the knowledge of Quaternary 
volcanism in the Sredinnyy Range has increased 
considerably, and it is now becoming possible 
to undertake the task of determining general 
regularities in the evolution of volcanic pro- 
cesses, the spatial distribution of volcanic 
apparatus, and some features of the geochemis- 
try of lavas. 


First, let us consider criteria for classifying 
Quaternary extrusives. That can be accom- 
plished only by a comprehensive use of a num- 
ber of features. The petrography of such rocks 
is very diversified, and known examples of 
lavas covering Quaternary deposits are com- 
paratively rare. Because of these facts, com- 
parison of different volcanic formations by 
geomorphic features assumes great importance 
because the same type of volcanic activity im- 
plies a similarity in the structure of the extrud- 
ing mechanism, while a similarity in the lava 
composition and in the timing of flows (under 
the same tectonic conditions, of course) pre- 
determines a similar erosional effect. It is 
very important to clarify the relationship of 
lavas representing different extrusive stages 
with glacial processes. The latter problem 
has usually been outside the scope of interest 
of the students of the Sredinnyy Range; there- 
fore, there is not much known on that subject. 
A. F. Marchenko alone studied in detail the 
petrography of morainal boulder material and 
the relationship of different types of moraines 
over a large area; as a result, he has arrived 
at some very interesting conclusions. Finally, 
a major criterion is the history of the largest 
volcanic structures, inasmuch as they reflect 
features typical of volcanism throughout the 
entire zone. 


Thus, the following factors must be taken 
into consideration in classifying Quaternary 
extrusives: 1) the petrographic and chemical 
composition of a lava; 2) characteristic forms 
of extruding apparatus; 3) the comparative 
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history of major volcanic structures; 4) rela- 
tionship between lavas of different stages and 
volcanic processes; 5) relationship of lavas 
from different stages and volcanic processes; 
6) geomorphic features. 


Modern methods should be widely used, such 
as absolute-age determination, differentiation 
by residual magnetism in lavas, and spore- 
pollen analysis of unconsolidated deposits mark- 
ing some parts of a Quaternary complex. Un- 
fortunately, none of these methods is used to 
any extent. 


We shall turn now to direct exposition of 
our material. 


Plateaus formed by flows of basic extrusives 
are widely distributed throughout the Sredinnyy 
Range. They also form the northern part of 
the Kozyrev Range and extend to Moroshka 
Pass, west of Sredinnyy Range, forming the 
crest of Pankovan Range and individual summits 
in the west and south parts of the area. The 
lavas were extruded here on an ancient pene- 
plain formed at the close of the Pliocene. The 
contact of extrusive flows with that peneplain 
can be observed in a number of exposures. 


The plateau-building extrusive section is 
fairly uniform over considerable distances; 
it is as follows: 


1. Locally present at the base are conglom- 
erate lenses of Tertiary extrusives with a fri- 
able cement commonly carrying an addition of 
tuffaceous material. Thickness, 25 m. 


2. They are overlain, as a rule, by dipyro- 
xene andesite and andesite-basalt with breccia - 
ted tuff lenses in their lower part. Total thick- 
ness, 150 to 200 m. 


3. The section is culminated by dense gray 
olivine basalt with coarse (0, 2 to 0, 4 cm) in- 
crustations of olivine. The rocks exhibit a 
typical, fine slaty parting. This is consistent 
everywhere and may serve as a good marker. 
Average thickness, 200 to 250 m. 


The over -all thickness of this section range 
from 200 to 400 m, because andesite and 
breccia are missing in some areas, probably 
these areas most distant from the source, 


The rocks are horizontal everywhere; dips 
of 3 to 8° have been observed only in the lower 
part of the section, probably reflecting ancient 
buried relief, 


Judging from the wide areal distribution of 
these flows, their horizontal position, the 
extremely small amount of pyroclastic material, 
and the general predominance of basalts, the 
outpourings were something like a mass- 
fracture flow, Traces of the extruding appara- 
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tus are present in gently sloping ridges, with 
elevations of 1300 to 1400 m above sea level. 
They are formed by scoria and agglomeratic 
material of the same composition as andesite 
and basalt of the plateaus, with isolated layers 
of olivine basalt. 


Such ridges are present in three principal 
zones: 1) the Kozyrev Range; 2) the Sredinny 
Range; and 3) west of Khayryuzovka River, 
between Icha River in the south and the Bol'- 
shoy Payalpan and Yang-Yang Mountain in the 
north. 


All zones are parallel to each other, with a 
common north-northeast trend, and are asso- 
ciated with regions of linear uplifts of Tertiary 
basement, which began to form between the 
Late Pliocene and the Quaternary and are fixed 
at the present time by the absolute elevations 
of the top of Quaternary sediments. The flows 
were apparently connected with fractures in 
the apex parts of these uplifts. The abundance 
of scoria and agglomeratic material along the 
fractures indicates that the eruptions were 
accompanied by powerful explosions. The 
flow occurred on land; however, we have ob- 
served a spherical parting in andesite at the 
base of the section, which suggests a sub- 
marine initial stage. The extrusives filled 
up all hollows in the relief and formed a plateau 
system with an elevation of 1100 to 1200 m 
above sea level. Judging from the generally 
lower elevations, to the west-northwest (from 
1200 m at the foot of the Kozyrev Range 700 to 
800 m west of the Pankovan Range and 600 m 
on the Kulkev-Okat River) and from the con- 
siderable thinning in the same direction (from 
400 to 500 m in the Kozyrev Range down to 
150 m south of Chingeyngeyn Mountain and 10 
to 30 m at the Moroshka Pass), sources of the 
largest outpourings were in the northeastern 
part of the zone (the Kozyrev Range, and 
Sredinnyy Range along the middle course of 
Bystraya). In the Kozyrev Range, these ex- 
trusive plateaus are broken up by faults with 
throws of 300 to 600 m and occur at elevations 
of 1600 to 1800 m above sea level. 


On the whole, this complex is similar in all 
features to the "'plateau extrusives" of A. Heik 
and T. Bart [1]. 


The stratigraphic position of plateau ex- 
trusives is determined by the fact that they 
rest on a peneplaned surface of dislocated 
Tertiary deposits, the youngest of which are 
Upper Miocene or Pliocene. At the same 
time, the plateau everywhere shows evidence 
of ancient glaciation expressed in a series of 
deep gorges which cut its western part; in the 
main trough of the Bystraya and Khayryuzovka 
valleys; and in the deposition of morainic ma- 
terial on the plateau surface. That glaciation 
was a semi-blanket. We correlate it with the 
maximum east Siberian glaciation (according 


») V. N. Saks) which corresponds to the Riss or 
mieprovian glaciation in Europe and, according 
9S. A. Yakovlev, is Middle Tertiary in age. 


_ Considering that the Tertiary-Quaternary age 
oundary for Kamchatka is tentative, the age of 
1€ entire complex should be assumed to be 
liocene to Early Quaternary. This age range 

3 corroborated by data, on the absolute value 

f residual magnetism in lava, obtained by the 
uthor as a result of paleomagnetic analysis of 
pecimens collected him. The average value of 
coefficient Q(In/1;) for plateau basalt (olivine 
asalt) is 1.85, which is close to an earlier 
alue of 1.33 obtained by N. Ye. Kalinnikov for 
1e Mil'kovo area plateau basalt. According 
2A. G. Komaroy (All-Union Geological Insti- 
ite — VSEGEI) these values suggest a Pliocene 
- Early Quaternary age for these rocks (ex- 
cusives of the Kavransk Pliocene formation 
ave an even lower value: Q= 1.15). 


This complex of plateau extrusives has been 
dentified by A. F. Marchenko for the northern 
art of the Sredinnyy Range; by M. F. Dvali, 
fu. V. Zhegalov, Yu. V. Makarov, L. I. 
‘ikhomirov, and E. N. Erlich, for its central 
art; and according to V. P. Mokrousov, it 
ccurs in small.remnants as far as the Kol- 
akova River basin. Plateaus similar in gene- 
is, morphology, and age, but with an andesite 
‘composition, are widely distributed in eastern 
nd southern Kamchatka [8, 9]. The wide areal 
‘xtent, the consistency in thickness, the simi- 
ar origin and tectonic character, and the de- 
inite age range of this complex make it pos- 
ible to designate it as a stratigraphic unit — 
he "plateau extrusive formation." 


From the second atage on, and during a 

ong period, the extrusives are not of a fissure 
ature but are rather more or less localized 
-bout individual eruptive centers. Of especial 
mportance are, therefore, a study and correla- 
ion of the history of major volcanic structures 
\f this zone, which have passed through simi- 
ar stages of development. The following gen- 
*xal sequence of major volcanic structures is 
suggested: 


Stage one is the formation of a polygenetic 
‘olcano, similar to a shield type, whose lavas 
ire marked by an andesite-basalt to basalt 
‘somposition. Such are the base of the Khangar 
iopka; an ancient crater of the Ichinsk volcano; 
ind volcanoes Ketepana, Malaya Ketepana, 
Sol'shoy and Malyy Chekchebonay, Ochchamo, 
Jksichan, Yanga-Yagay, and a volcano I dis- 
sovered in the Bystraya-Khayryuzovka water - 
shed and named "the Leningradets," etc. 


The section in all these structures is as 
‘ollows. Present at the base are brecciated 

‘uffs with intercalations of acid andesite and 
some obsidian. They change upward to andesite- 
yasalt, tholeiite basalt, quartz basalt (the latter 
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observed specifically in the Uksichan volcano 
section). In areas of the Uksichan, Ichinsk, 
and Ochchamo volcanoes, lavas of this com- 
plex are seen to rest on olivine basalt which 


mark the top of the plateau extrusive forma- 


tion. 


The stratigraphic position of such structures 
is determined by the fact that eruptions of all 
those volcanoes occurred after the first glacial 
epoch, as demonstrated by the flow of the 
Ochchamo lavas through an ancient canyon of 
Oyemtevlan river, of the Bongabti lavas through 
the Dimshikan canyon, and Uksichan lavas 
through the canyons of Annar and Migiveyem 
rivers, At the same time, all structures which 
we have assigned to this complex show evidence 
of a younger glaciation related to the second 
stage of a mountain-valley type glaciation. 
Suchare small gorges and canyons on the 
west slope of Uksichan Mountain; the Anmanna 
Valley trough which cuts lavas of the "Lenin- 
gradets" volcano; the Yanga-Yagay River which 
cuts across a volcano of the same name; and 
canyons associated with Ketepana and Malyy 
Ketepana volcanoes. All these canyons begin 
in cirques at their upper reaches, do not ex- 
tend over long distances, and terminate at 
elevations not lower than 600 m above sea 
leveli 


In the character of glaciation and in rela- 
tionship to Quaternary marine transgression, 
we correlate the second glacial epoch in Kam- 
chatka with the Zyryanian glaciations recog- 
nized by V. N. Saks [11] for eastern Siberia. 
It corresponds to the Wlirm of Europe, which 
is Quaternary. 


Thus we date the entire system of volcanoes 
as Middle Quaternary. 


According to A. G. Gamarov, the average 
value of coefficient Q of the residual magnetism 
for lavas from shield-like volcanoes of the 
Sredinnyy Range is 3.5, The same values were 
obtained from Japanese interglacial basalts. 

An interglacial origin for such volcanoes is 
suggested also by A. F. Marchenko who has 
found out that boulders of their lavas are mis- 
sing in moraine of the first glacial epoch but 
form most of the second epoch moraine. It 
cannot be discounted, however, that the locali- 
zation of individual eruptive hearths of the 
central type began simulataneously with fissure 
flows, in areas of a lower intensity in move- 
ment. 


Stage two is characterized by cauldron 
development related to explosions of the 
Katmay type (volcanoes Khangar, Aynelkan, 
"Teningradets," and Ochchamo). In a num- 
ber of volcanoes (Uksichan, Yanga-Yagay) 
circular subsidence cauldrons were formed 
as a result of the evacuation of the magmatic 
chamber, which had taken place during the 
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preceeding stage. Such cauldrons took in a 
large part of the volcano, with small remnants 
of the shield volcano lavas persisting along their 
outer rim. Simultaneously, acid extrusions 
were emplaced in the center and along the peri- 
phery of a cauldron Uksichan, Khangar volca- 
noes, etc.), during the growth of a stratavol- 
cano (Ichinsk volcano) accompanied by explosive 
activity, as witness the presence of volcanic 
breccia in almost all types of such structures. 
The petrographic composition of these extrusive 
bodies was marked by an abundance of biotite 
andesite and andesite-dacite. Liparitoid vari- 
ties of dacite are comparatively rare. The 
young crater of the Ichinsk volcano is marked 
by the so-called ''Hoa-Shen" type andesite" 
(after K, I. Bogdanovich) alternating with siz- 
able layers of brecciated tuff of the same com- 
position. 


This stage began at the very end of the 
second glacial epoch and terminated as recently 
as post-glacial time. Chingeyngeyn and Bol’ - 
shoy and Malyy Payalpans mountains, despite 
their considerable height, (about 2000 m) far 
above the present snow line, bear no traces of 
glacial scouring. In the upper courses of An- 
manna and Degdanna rivers, acid tuffs are 
located in glacial cirques of the second glacial 
epoch. On the other hand, T. Yu. Marenina 
notes that eruptions of the main Khangar cone 
began as early as the glacial epoch and only 
the explosion which led to the cauldron forma- 
tion took place in post-glacial time. Both A. 
F. Marchenko and Yu. V. Zhegalov assign the 
acid extrusions to the end of the second glacial 
epoch, 


For all these reasons, we assign a Recent 
age to all of the above-named formations. 


Thus, during the three stages, along with 
a contraction of the volcanic hearth area, the 
lava composition was changing in an acid direc- 
tion. All this makes it possible to assume a 
single volcanic cycle within the Sredinnyy Range 
zone, from fissure flows of olivine basalt 
through acid extrusions and explosive activity. 


It appears from the previously cited general 
characteristics of the sections that each of 
the first two stages of the cycle witnessed a 
change from more acid to more basic varieties 
of lava. It implies that each stage was preceded 
by the magma fusing the roof of its hearth and 
assimilating sedimentary material. As a result, 
the initial phases of both stages were expressed 
in flows of andesite whose appearance at that 
period is difficult to explain by differentiation 
from a single basalt magma. 


With all that unity in the process of evolu- 
tion within the zone, major differences in the 
composition of lavas and in the character of 
eruption within individual centers have led 
to considerable variety in the types of volcanic 
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structures. The following forms may be noted 
as peculiar to volcanoes of the first extrusive 


type: 


1) shield volcanoes of the cauldron-free 
type, e.g., Bol'shoy Chekchebonay, Ketepana, 
and Malaya Ketepana; 


2) shield volcanoes with cauldrons: Malyy 
Chekchebonay and ''Leningradets;" 


3) volcanoes having craters of the Vesuvius 
type: Ichinsk volcano; 


4) cone-like stratovolcano: Snezhnaya 
Mountain; 


5) volcanoes with an extrusion in the center 
of the cauldron: Khangar-Alney; 


6) extrusive domes of a regional type: Bol'- 
shoy and Malyy Payalpan and the Levinson- 
Lessing volcanic extrusion. 


In each of these there is a progressive in 
genesis, depending on the volcano's position 
within the zone. This relationship is best 
expressed in the westernmost line of volcanoes. 


There, basalt breccias lie at the base of 
the most southern of these volcanoes, the 
Khangar, whose main cone is formed by dacite 
and dacite breccia, capped by a large explosion 
cauldron. An old crater of the Ichinsk volcano, 
somewhat to the north, is made up of andesite- 
basalt with obsidian layers, while its younger 
crater is andesitic (of the Vesuvius type), with 
an immense explosion cauldron housing the top 
cone. The "Leningradets" volcano, still 
farther north, has lava of a mixed andesite- 
basalt to basalt composition; the second stage 
of its activity was marked by the formation of 
a single explosion cauldron without any trace 
of lava flows. Ketepana, at the north end of 
the line, is a shield volcano of a cauldron- 
free type with peripheral extrusions of acid 
andesite and dacite, 


Thus, going north, each volcano along this 
line exhibits a weakening of explosive activity 
and a corresponding general increase in the 
basicity of lava, more and more approaching 
pure tholeiite basalt, in average composition. 


Unfortunately, the geochemical data on 
"Leningradets"’ and Ketepana volcanoes are 
very scanty. At the same time, a study of 
the lava composition for the Khangar and the 
Ichinsk group of volcanoes reveals a strong 
oversaturation in aluminum in the first, while 
the second exhibits an excess of aluminum only 
in varieties close to liparite. As already noted, 
there is an abundance of dacite from the Khan- 
gar and a relative predominance of andesite 
from volcanoes of the Ichinsk group. Un- 
fortunately, the latter phenomenon has not been 


-udied from analyses of an appropriate number 
{ silicate samples from different types of lava 
dividual volcanoes. These peculiarities are 
‘counted for if we remember that the Khangar 
}vas are underlain directly by granite which is 
i arked by this very excess of aluminum and an 
foundance of silica. To the north, "the ancient 
f2quences" dip under Tertiary sedimentary vol- 
yanic deposits. Parallel to that, the basicity of 
vas Increases up to practically pure tholeiite 
fasalt of the Ketepana. This appears to suggest 
} decrease in the contamination of lava, to the 
forth, with the plunge of the anticlinorium axis; 
jis is corroborated by a smaller value for the 
ikalie-lime index of the Ichinsk volcano lavas 
oe x as compared with the Khangar Sopka 
8.2). 


| As regards regularities in the spatial dis- 
Fibution of the first cycle volcanoes, the map 
1 Figure 1 shows their localization along the 
*xes of folded structures. For example, there 
3 a western line of volcanoes along the axis 

f an ancient anticlinorium of the Sredinnyy 
jange having a near-meridional trend. 


i 


The southernmost of these volcanoes, the 
hangar, is located at the beginning of the 
iticlinorial splunge, where it is complicated 
y a number of block subsidences.. Somewhat 
> the north, a group of extrusions occur in the 
rea of the Levinson-Lessing volcano. They are 
cated at the junction of an ancient anticlinorium 
nd a large Tertiary anticlinal structure trend- 
ig northeast. The area in which a sharp undu- 
ationof the ancient anticlinorial axis occurs, 
‘here Mesozoic and pre-MesoZoic rocks are 
completely overlain by the Tertiary, contains 
ae largest of the Sredinnaya zone volcanoes, 
ae Ichinsk, with its adjacent smaller structures 
Cherpuk volcanoes, extrusions of Bol'shaya 
md Malaya Payaplans, etc.). Still farther 
orth there are two other large volcanoes, the 
‘Leningradets" at the intersection of faults 
ending in several directions, and the Ketepana. 
lo common fault along which all these volcanoes 
re located has been observed. Each of them is 
‘onnected with its individual hearth, the result 
f local tectonics within a regionally weakened 
2ctonic zone represented by the plunging axis 
f an ancient anticlinorium. 


The second trend controlling the distribution 
‘f volcanoes parallels the axis of a northeasterly 
riented anticlinal structure formed in the Aleu- 
ian and Tatarian phases of folding. Located 
long that trend are three groups of volcanoes 
vith a common feeding hearth for each group. 
Vithin each group, the volcanoes occur along 
ault lines associated with the axial part of the 
tructure. The southern group consists of 
,evinson-Lessing, Ochchamo, and Bongbati 
‘olcanoes. The two other groups lie to the 
orth. The first of the two includes Aynelkan, 
hishel, and Severnyy volcanoes. The second 7 
comprises the Alney, Khuvkhoytun, and "Ostryy 
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volcanoes. Standing out by itself is the large 
Alney volcano associated with a steep plunge 
of the Tertiary anticlinal structure, 


The third trend is expressed by a chain of 
volcanoes, running northwest and connected, 
according to A. N. Zavaritskiy, with the 
Aleutian arc which adjoins Kamchatka in the 
north. Here belong Uksichan, Chingeyngeyn, 
Yanga-Yagay, and "Leningradets" volcanoes 
all associated with a fault trending in the same 
direction. 


The fourth trend is represented by a group 
of volcanoes along the axis of a synclinal fold 
in Upper Tertiary sediments. It runs N 60° 
W ('Leningradets, '' Malaya Ketepana, Bol'- 
shoy and Malyy Chekchebanay). 


Thus, the volcanoes are connected with 
independent hearths confined, as an effect of 
local factors, to major structural elements. 
This view is close to B. I. Piyp's conclusions 
on regularities in the distribution of the Kluch- 
evskaya group volcanoes; it also reconciles 
to a considerable extent the view of A. N. 
Zavaritskiy and K. I. Bogdanovich. 


As we turn now to the problem of the age 
of hydrothermal activity connected with the 
first volcanic cycle, we must note the follow- 
ing facts: 


1. Thick zones of secondary quartzite of 
a definitely interglacial age occur in the north- 
ern part of the Uksichan volcano. Showings of 
native gold and cinnabar have been observed 
in panned concentrates from this zone. 


2. A large deposit of metasomatic sulfur 
minerals is associated with the crater of the 
Alney volcano, of the same age. 


3. L. 1. Tikhomirov notes that in the 
Polovinnaya River sulfur deposit, the lower 
part of Lower Quaternary plateau extrusives 
carries traces of hydrothermal alteration. 


4, Within Lower Quaternary plateau extru- 
sives on one of the left tributaries of Tigil’ 
River (near Chavych River), a large zone of 
secondary quartzite was noted in panned con- 
centrates, with cinnabar observed near it. 


5. A zone of secondary quartzite is located 
in the cauldron of the Quaternary Ochchamo 
volcano. 


6. Nota single boulder of secondary quart- 
zite has been observed in high fluvioglacial 
terraces of Bystraya and Khayryuzovka rivers, 
while they are present to a considerable extent 
in lower alluvial terraces. 


All this facts suggest that hydrothermal 
activity which determined the formation of 
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Diagrammatic map of volcanoes of the Sredinnyy Range zone, 


Kamchatka. 


| - Mesozoic and pre-Mesozoic rocks; 


If - axis of Tertiary anticlinal struc- 


ture; I11 - fault limiting the Kamchatka river depression in the west; IV - 
trends of volcanoes; V - volcanoes of cycle one; VI - centers of most recent 
volcanism (figures on map); 1 - Khangar; 2 = a group of extrusions in the 
area of the Levinson-Lessing volcano; 3 - Ichinsk; 4 - Bol'shoy Payalpan; 5 - 
Malyy Payalpan; 6 - ''Leningradets;'' 7 - Bol'shoy Ketepana; 8 - Ochchamo; 9 - 
Bongabti; 10 - Alney; 11 - ''Bezymyannyy,'! el. 2024 m above sea level; 12 - 


Shishel'; 13 - Aynel'kan; 14 - Aleny; 15 = Khuvkhoytin; 16 - "0stryy;'' 17 - 
Malaya Ketepana; 18 - Bol'shoy Chekchebonay; 19 - Malyy Chekchebonay; 20 - 
Uksichan; 21 - Chingeyngeyn; 22 - Yanga-Yagay. 


zones of secondary quartzite and of ore show- 
ings is connected with Quaternary volcanism, 
more precisely with its third stage marked 

by explosive activity and acid intrusions, The 
age of all these formations is assumed to be 
that of the end of the second glaciation and the 
beginning of the post-glacial epoch. 


The most recent volcanism within the 
Sredinnyy Range should be considered sepa- 
rately. Until very recently, it has been as- 
sumed that its scale was extremely small. 
According to most students, the eruptions of 
that time were chiefly explosive, with nearly 
all products of eruption concentrated in a 
scoria cone, without a vent. All volcanoes 
were regarded as extinct; P. T. Novograblenov 
alone hinted vaguely at a possible fumarole 
activity in the Ichinsk volcanic area [10]. 


The results of our own work, along with 
data of previous investigators and a study of 
aerial photographs of the central and northern 
parts of the Sredinnyy Range, make it possible 
to revise radically former concepts on this 
subject. 


In the Tigil’ -Bystraya (Khayryuzovka) water - 
shed, we have observed a large number of 
small volcanoes which were the source of 
large sheet flows. These flows were of a 
fracture character in tectonically active areas; 
a large (60 km in diameter) volcanic knob 
north of Chaba River has been described; it 
represents a large shield volcano known as 
"Geologists' Knob," The eruption sequence 
in this area can be represented, somewhat 
diagrammatically, as follows: 1) massive 
flows of olivine basalt; 2) powerful explosive 
discharges connected with numerous scoria 


ones; 3) emplacing of extrusive bodies of an- 
. . : . 
2Site, andesite-dacite, and dacite. 


| All of the volcanic formations in this region 
“c€ practically unaffected by erosion, with lava 
/ows covering glacial and fluvio-glacial deposits 
long Tikhaya, Anmanna, and Degdanna rivers, 
d penetrating the valleys of modern rivers. 


| The second center of recent volcanism is in 
[te Ichinsk volcanic area. Here, the general 
2quence of eruptions is similar to that described 
joove. Present along with Severnyy and Yuznyy 
herpuk, ‘'Palets,'"' ''Dva Brata, " and other 
dlcanoes whose lavas are represented by oli- 
fine basalt, there are extrusions of acid lavas 

a the north slope of the volcano; according to 
}.I. Vlodavets's summary [4], they are pre- 
fent also on its south side. 


| Judging from data of A. F. Marchenko and 

u. V. Zhegalovy, and from aerial photographs, 
nother large center of recent volcanism may 
ist north of the Alney volcano (Cherpuk, 
jeutongey, Kebensey, Baydara, and many other 
olcanoes). 


Thus recent time witnessed another and 

uite independent cycle , repeating on the whole 
1e course of the first cycle, from olivine ba- 
alt to acid extrusives. 


_ A distinctive feature of this new cycle is its 
apid rate of progress compared with the first 
me, as well as a direct transition from sheet 
nd Hawaiian type flows (instead of fracture: 
‘ows of the first cycle) to explosive activity 
ind the final phase of acid extrusives. These 
eatures appear to be connected with a more 
asic composition of lava in this cycle, most 
robably similar to olivine basalt. 


{ 


A manifestation of terminal stages of this 
ycle can be observed in fumaroles of the 
chinsk volcano, discovered in 1956 [13], and 
4 numerous thermal springs widely developed 
long faults within that zone (Kireunskiy, 
yzernovskiy, Apapel'skiy, Oksinskiy, Essov- 
kiy, Anavgayskiy springs, etc. ). 


As shown on the map (Figure 1), the most 
cent volcanic hearths are associated with 
harp plunges of folded structures and with 
aajor regional faults. In the areas of such 
earths, the manifestations of recent volcanism 
re scattered. The eruptions are connected with 
umerous individual volcanoes aligned along 
ractures trending mostly N 60° W, with some 
solated meridional and latitudinal trends. The 
istance between lines of volcanoes is 3 to 5 

m. This appears to suggest shallower channels 
irectly feeding these volcanoes, as compared 
rith the first cycle volcanoes where that dis - 
ance is 25 to 30 km. (in accordance with the 

aw of L. Green and D. Friedlander functionally 
onnecting the distance between volcanoes and 
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the depth of their direct-feeding magmatic 
center). 


For an understanding of geochemical features 
of Quaternary volcanic processes within this 
zone, the author has compiled a summary of 
chemical analyses of the extrusives (Table 1), 
from publications [2, 3, 6, 7, 12] and from 
his own data. An attempt was also made to 
correlate the age of lavas sampled and the stages 
of volcanism (from personal observations and 
from aerial photographs). All analyses were 
recomputed by the A.N. Zavaritskiy method 
(Table 2) and the results presented in a dia- 
gram of chemical composition of lavas (Fig- 
ure 2). 


An analysis of this diagram and comparison 
of variation curves of cycles one and two with 
that for Quaternary extrusives of eastern Kam- 
chatka, given by B.I. Piyp [8], reveals the 
following typical geochemical features of Qua- 
ternary extrusives from the Sredinnyy Range 
zone: 


1. An excess of calcareous aluminosilicate, 
generally typical of the Kamchatka extrusives, 
is even greater here. 


2. A general oversaturation in aluminum is 
present especially in acid rocks. 


3. The main distinctive feature of this zone 
is a general increase in alkalicity in the Sred- 
innyy Range lava as compared with similar 
rocks of eastern Kamchatka. The degree of 
alkalicity grows toward the west coast where 
tephrites appear along with normal olivine ba- 
salt in the Tigil' River basin (according to A.V. 
Aksenovich). The comparative abundance of 
dacite and other alkalie-rich rocks evidently is 
a typical feature of Quaternary volcanism in 
the western zone as it is true generally for the 
interior of island arcs. All these features are 
intensified in lavas of the second cycle as com- 
pared with the first cycle extrusives. 


Variation diagrams for NayO + K9O - CaO 
(Figure 3) show a somewhat higher value for 
the alkalie-lime index for the second cycle, 
thus suggesting a higher degree of contami - 
nation in the original magma and corroborating 
the presence of somewhat shallower feeder 
hearths of this cycle compared with those of 
the first cycle extrusives. 


Such are the basic regularities in the devel - 
opment of Quaternary volcanism in the Kam- 
chatka Sredinnyy Range. 


It is expedient to correlate the Sredinnyy 
Range volcanism with Quaternary volcanism in 
southern and eastern Kamchatka. Even now 
there are many facts suggesting contempo- 
raneous and geologically similar volcanic pro- 
cesses, corresponding to the outlined stages, 
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Table 1 


Chemical composition of Quaternary extrusives in the Sredinnyy Range, Kamchatka 


Components 
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Table 1 


continued 
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Table 2 


Chemical analysis of Quaternary extrusives from the Sredinnyy Range, 
recomputed by the A, N. Zavaritskiy method. 


Parameters 
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Note: Analyses 1, 36, 37, and 38 after A.A. Menyaylov and 8.1. Naboko [7]; 11, 27, and 28 after 
K.1I. Bogdanovich [14]; 12, 13, and 20 after A.V. Shcherbakov (1937); 14-19 after T. Yu. Marenina 
[6]; 2 after A.F. Marchenko; 25 and 26 after V.I. Vlodavets [3]; 3 after D.S. Kharkevich [12]; 40 


and 45 after V.I. Vlodavets [4]; 24-10, 21-24, 29-35 and 39 from original data of the author. Com- 
puted by the author. 
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c 
o 
a 
+2 4 g 5 0 1§ 20 
FIGURE 2. Diagram of chemical composition of Quaternary extrusives from the 
Sredinnyy Range, Kamchatka, 
Variation curves for the composition of lavas: | - Cycle One; I1 - Cycle Two; 


111 = Quaternary extrusives in eastern Kamchatka (after B. |. Piyp, [8]}). Para- 
meters in analyses of Cycle |, hollow circles; Cycle 11, black circles; eastern 
Kamchatka extrusives, circles with a dot inside. 
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FIGURE 3. Variation diagram CaO - (Na20 + K20) for Cycle One (I) and Cycle 
Two (11) of Quaternary extrusive activity in the Sredinnyy Range. 
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throughout the peninsula. The single nature and 
the contemporaneous occurrence of plateau ba- 
salt flows throughout Kamchatka has been noted 
previously. Many students have emphasized 
the similarity in the history of major volcanoes 
of western and eastern Kamchatka. The dif- 
ference appears to be in the intensity of indi- 
vidual volcanic stages for different zones, while 
their nature and the time of flow are the same. 
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ffusive liquational formation is advanced. 


_ The intrusive Variscan igneous activity in 
orthernTyan'-Shan' is very little known. The 
mall intrusions of this cycle, scattered over 
‘considerable area, are much inferior to a 
aledonian granitoid massif of the batholith 
mpe and are often marked by higher alkalicity. 


' The Sandyk Mountains Variscan alkalic in- 
cusion is among the most alkalic derivatives 

f late Paleozoic igneous activity in northern 
'yan'-Shan' where its composition is syenitic, 
caching nepheline syenite; it is also marked 

y a well expressed differentiation of component 
locks. 

_ This intrusion is located in the eastern part 
f the Dzhumgol' Range and occupies an area 

f about 70 km2. This region lies in the Sus- 
yr (southern) zone of the Tyan’ -Shan' caledo- 
ids and borders on a province of ''the develop- 
1ent of superposed epi-Caledonian structures 
f the middle Paleozoic," identified by N. M. 
initsyn as the northern caledonid zone. "A 
ride zone of Hercinian faults between the 
orthern and southern caledonids" [11] appar- 
ntly was what constituted a favorable struc- 
iral factor in the localization of the Sandyk 
fountains intrusion. In K. D. Pomazkov's 
iew [10], this intrusion is associated with 
aults within the Sonkul'-Alamedin mobile zone, 
rending northwest, and belongs to intrusions 

f Carboniferous or Permian age. 


On a map, the Sandyk Mountains syenite in- 
rusion has the form of an irregular triangle. 
-s morphology is not as yet completely known. 


1 Petrograficheskiy ocherk i petrokhimiya shchelo- 
hnoy intruzii gor Sandyk (Severnaya Kirgiziya). 


by 


Li 


PETROGRAPHIC SKETCH AND GEOCHEMISTRY 
OF THE SANDYK MOUNTAINS 
ALKALIC INTRUSION (NORTHERN KIRGHIZIA)! 


B.I. Zlobin 


/ The composition, structure, and conditions of formation of a complex Variscan intrusion in 

me Sandyk Mountains are described. Nepheline syenite of a miaskite type, first discovered here 
id pseudo-leucite varieties are described. A consideration of the origin of these intrusive rocks 
rom a geologic and geochemical point of view precludes application of the R. Daly hypothesis. The 
cemise of a primary magmatic nature of all rocks in this intrusion and of their possible thermo- 


It appears to be a laccolithic intrusive body of 
fracture type and hypabyssal occurrence, 
dipping north and northeast. The enclosing 
rocks mostly are Caledonian granitoids of the 
Susamyr batholith, and to a smaller extent 
Lower Silurian terrigenous sediments and 
undifferentiated lower Paleozoic metamorphics 
(Figure 1). Syenite forms sharp contacts with 
all these rocks. 


Initial information on the composition of 
these intrusive rocks was obtained by geologic 
surveying by a party from the Kirghiz Geolog- 
ical Administration, under the direction of 
K. D. Pomazkov, in 1951 and 1952. During 
the 1953 - 1956 study, the author was able to 
supplement and refine the knowledge of the 
petrography of this complex plutonic body. For 
example, nepheline syenite of the miaskite 
type and its pseudo-leucitic varieties were 
first discovered here, along with a number of 
minerals hitherto unknown from this area, 
such as sodalite, hackmanite, melanite, zeo- 
lites, thorianite, etc. Peculiarities in the 
composition and structure of this intrusion, 
and consideration of them from a geologic and 
petrochemical point of view precludes applica - 
tion of the R. Daly hypothesis and similar con- 
cepts in explaining the origin of syenite rocks 
of this massif. 


A PETROGRAPHIC SKETCH 


Alkalic rocks of the Sandyk Mountains were 
formed in two intrusive phases and are repre- 
sented by the following principal types, from 
older to younger, in order of formation: 


This sequence of development of the intru- 
sion stands out clearly despite the more or less 
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km 2 
a) alkalic gabbroids 8 is 
First intrusive phase b) alkaline-earth syenite Pas, Soy, 
(early) c) facies of leucocratic 
alkaline-earth syenite 22 31.5 
Second intrusive phase d) hornblende alkalic syenite 10.5 1 
(late) e) nepheline syenite 4.5 
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FIGURE 1. Generalized geologic map of the Sandyk Mountains alkalic in- 
trusion; 1958; scale, 1:170,000. (Compiled by the author, with some 
material on the geologic structure of the intrusion area borrowed 
from K. D. Pomazkov) . 


1 - Quaternary; 2 - Tertiary loam, sandy loam, and arkosic sand; 3-4 - 
alkalic rocks of second phase of Sandyk Mt. intrusion: 3 - nepheline 
syenite; 4 - hornblende alkalic syenite; 5-8 - alkalic rocks of first 
phase: 5 - facies of leucocratic syenite; 6 - alkaline-earth syenite; 
7 - alkalic gabbroids; 8 - Middle Devonian extrusives; 9-10 - Cale- 
donian granitoids of the Susamyr batholith; 9 - leucocratic granite 

of third phase; 10 = porphyritic granite and granitoids of second, or 
the main, phase; 11 =- Lower Silurian dark slate, siltstone, and horn- 
fels; 12 - lower Paleozoic crystalline schist, phyllite, and hornfels; 
13 - lower Paleozoic marble; 14 - fault traces; 15 - eruptive contacts; 

16 = boundaries of intrusive facies. 
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a. 
6. 
general coincidence of all derivatives and their 
genetic relation to a common, original alkalic 


gma. It is reflected in both the relationship 
‘ween the rocks and in their specific composi - 
n. The intrusive body is zoned. Syenites of 
: first phase form the peripheral and apex 
‘ts of the intrusion and are located in areas 
highest relief. Syenite of the second phase, 
2ally only 21% of the total, usually outcrop 
laces of lower relief where they underlie 
» first phase syenite at the foot of slopes or 
se in the channel portion of deeply incised 
leys of the mountain rivers Sandyktinsu and 
eketa. In isolated places, they crop out on 
ther levels, as well, forming ledges or else 
umnar-lenticular bodies in overlying syenite 
the first phase (sic). 


Such disturbances in zonation are due to the 
rusion having been formed in an unstable tec- 
‘ic environment, as witness the widely devel- 
2d trachytoid textures in syenite. These pro- 
ectonic phenomena are expressed in the par- 
el planar orientation of flattened feldspars, 

th a steep dip and a latitudinal (or nearly 
itudinal) strike. It has been noted that the 
.chytoid structure is least conspicuous in 

lest rocks, alkalic gabbroid, and in the 
4ingest, nepheline syenite. It appears that 

» initial and the terminal stages of develop- 
mt of this intrusive body proceeded under 

wre advanced tectonic conditions. However, 
‘se MOvements were very intensive, ina 
mber of places, during the preceding crys- 
lization at stage two, judging from the pres- 
ce of intrusive breccias in which angular 
2nite fragments of phase one, without any 
sces of recrystallization and fusing, are 
mented with leucocratic hornblende syenite of 
ase two. 


— 


'The relationship of both phases commonly 
zgests a nearly contemporaneous formation 
these derivatives. For example, nepheline 
2nite, without any fusing phenomena or any 
ange in composition is in contact with the 
erlying alkaline-earth syenite along an un- 

2n but clearly defined surface, with syenite 
the first phase only slightly cataclastic in 

» contact zone and without any evidences of 
crystallization and metasomatic alteration. 
2dominant among alkalic rocks of the Sandyk 
suntains intrusion is syenite of the first phase 
oresented chiefly by pyroxene-biotite alkaline- 
rth varieties. Their different facies exhibit 
‘ange in mineral composition with different 
antitative ratios. 


a) Alkalic gabbroids are the most melano- 
atic representatives of this group. They 

cupy a small area of the outcrops and are 
ncentrated chiefly in peripheral and apex 

rts of the intrusive body. These are medium- 
ained rocks with 30 to 40% K-Na-feldspar 
-thoclase and anorthoclase with 6:001 = 

5 to 8°; 2V = -54°, 61°; 25 to 40% augite- 
ypside (y = 1.714; a= 1.694; 2V = +56°, 61°; 
= 43°); 10 to 35% plagioclase (No. 50); and 
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5 to 15% reddish-brown biotite. Olivine is 
locally present consisting of about 58% Fo and 
about 42% Fa. Magnetite and apatite are abun- 
dant accessory minerals. Fluctuations in the 
mineral composition make it possible to sepa- 
rate essentially pyroxene monzonite-shonkinite 
with not over 5 to 10% plagioclase, and 
monzonite-essexite with the amount of plagio- 
clase about equal to or slightly exceeding that 
in K-Na-feldspar. A typical gabbroid repre- 
sentative, specimen No. 1055, is similar in 
chemical composition to the median essexite 
type of R. Daly (Table 2 and Figure 4). 


b) Alkaline-earth syenites are most common. 
They are represented by gray coarsely crystal- 
line rocks with K-Na-feldspar incrustations 
whose orientation is responsible for a trachy- 
toid texture of the rock. They differ from 
alkalic gabbroids by a higher content of K-Na- 
feldspar and a lower content of dark minerals. 
Their typical representatives have the following 
mineral composition: 60 to 70% iridescent K- 
Na-feldspar (orthoclase with B:.001 = 6 to 10° 
and 2V = -58°, -88°); 10 to 15% light-gray 
pyroxene of the diopside-augite series (y = 
1.716; a= 1.688; 2V = +60°; cy = 38 to 41°); 

15 to 20% intermediate plagioclase No. 40, 50, and 
5 to 10% dense, coarse-scaled reddish-brown 
biotite. The more melanocratic varieties of 
syenite approach monzonite, with olivine oc- 
casionally appearing in them, while the more 
leucocratic varieties contain an addition of 
quartz. Magnetite and apatite with occasional 
sphene and zircon are typical accessory min- 
erals. 


The most typical representative of this 
facies is compositionally similar to alkaline- 
earth (and mica) syenites of R. Daly and to 
monzonite (see specimen 265 in Table 1 and 2 
and Figure 4). 


c) The facies of leucocratic alkaline-earth 
syenite is very closely related to the preceding 
one, both spatially and in its material com- 
position. Figure 1 shows the leucocratic facies 
frequently surrounding the outcrops of alkaline- 
earth syenite, separating them from rocks of 
the second phase. In alkaline-earth syenite, 
they may form vein-like or lenticular bodies 
without any evidence of eruptive interaction. 
On the whole, the zone of development of 
leucocratic syenite is represented by rapidly 
alternating alkaline-earth syenite and leuco- 
cratic syenite, with the latter predominant; 
also by various intermediate varieties. The 
composition of these syenites is similar to the 
alkaline-earth types, differing from them in 
an even larger content of iridescent K-Na- 
feldspar (up to 70 or 80%) and a lower content 
of dark minerals (total of 10 to 15%). Epimag- 
matic light-green hornblende is commonly 
developed here on pyroxene, with quartz pre- 
sent in the amount of 2 to 5%, and accessory 
magnetite, sphene, apatite, zircon, pyrite, 
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Table 1 


Quantitative mineral composition of some typical alkalic rocks from the 
Sandyk Mountain intrusion (in weight %) 


rocks of the first phase 


; , Specimen 
Minerals Specimen 271; See ee alee 1171-a; Specimen 265 Specimen 1155; 
: monzonite-like : : : : : 
monzonite- alialine -caxth monzonite-like|alkaline-earth | leucocratic alkaline- 
-essexite até alkaline-earth syenite earth syenite 
fh syenite 
Size of thin 
section cm? 43.5 31.5 Palo 46.0 44.0 
Olivine 4.8 = _ — — 
Augite? 30.2 2ARD AT 15.0 92 
Biotite 8.5 8.9 O85 Tt 8.3 
Hornblende a= —_— — — are 
Plagioclase 36.9 6.4 HIBS 2 7.9 10.5 
Orthoclase 15.4 59.4 58.1 68.1 69.4 
Nepheline _ — — —— =e 
Magnetite 4.2 Bae | 1.6 1.6 1.9 
Apatite isolated grains ~0.1 0.3 0.2 
0.2 
Gincon a ths Ss isolated grains 0.09 
Sphene — — " — 0.5 
Fluorite: = aad => = 
aaa oat Isolated grains 
Found in grindings| Ilmenite Ilmenite Ilmenite, pyrite, 
quartz. 
rocks of the second phase 
Minerals ‘ 
Specimen 1147; in areata Specimen 268; Specimen 1059 
hornblende alkaline- Mepheline biotitic nepheline biotitic nepheline 
earth syenite syenite syenite syenite 
ize of thin 


section cm? - : 42.5 
Olivine 
Augite? 
Biotite 
Hornblende 
Plagioclase 
Orthoclase 
Nepheline 
Magnetite 
Apatite 
Zircon 
Sphene 
Fluorite 


Sosos 
Peen 
NOK 


ie.) 
OmoNmw 


69.0 
24,3 
0.7 


isolated grains 
wil 


7 
1 


| 


(SSX S) 
aINoo 
Wwhy w 
So f =o o 
x MH ODO 


0.3 


i=) 
oO 
| 


Isolated grains 


Mn-ilmenite, pyrite, Melanite 
minerals 1 and 2 


Found in grindings Trorianite, pyrite 
epidote 


'The count was done on large thin sections, by L. V. Dmitriyev's method, Institute of Geochemistry 
gand Analytic Chemistry of the U.S.S.R. Academy of Sciences. 


2 Augite is predominantly of the diopside-augite series; specimen 1171-a contained about 1. 2% rhombic 
pyroxene. 
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1enite, and fluorite (rare). Sphene is a par - 
larly abundant accessory mineral, in some 
valities where it is xenomorphic in interstices 
‘ween feldspar grains. eo 


These syenites are usually pink, with a well 
‘ined porphyritic texture showing trachytoid 
pments. Their two representatives are com- 
sitionally similar to normal alkaline-earth 
snites such as Norwegian akerite as well as 
alkalic syenite of the pulaskite type (see 
2cimens 808 and 254-b in Table 2 and Figure 


On the whole, alkalic rocks of the first 

ise include all possible transitional varieties 
mi, for example, essexite to leucocratic 
artz-bearing either normal or alkalic syenite. 
spite that, on the basis of general composi- 
nal features and spatial distribution, these 
enites are combined into distinct facies often 
ving sharp boundaries. At the same time, 

2se features suggest that alkalic gabbroids are 
’ oldest first phase rocks, and the leucocratic 
pte facies the youngest. 

‘Besides these features of occurrence which 
iphasize their younger age, syenites of the 
cond stage also differ compositionally. They 
€ more diversified mineralogically, contain- 
= a number of minerals with volatile compo- 
mts: Fluorite, sodalite, and zeolites. 

_d) Hornblende alkalic syenites are the pre- 
inant facies of the second phase. These 

cks are spatially closely related to nepheline 
enite and locally are nepheline-bearing. 
‘ansitions from one kind to another take place 
er short distances, through a number of inter- 
2diate varieties. 


‘Hornblende alkalic syenites are medium- 
ained to coarse dark gray crystalline rocks, 

h a massive to trachytoid texture. Mineral- 
ically they are 80 to 95% prismatic orthoclase- 
rthite, 3 to 10% black-green short-prismatic 
rnblende, and 0 to 10% acid plagioclase. 
wnblende is of a common variety, with a 
obable addition of ferrohastingsite, especially 
the peripheral zone where it commonly is 

ep blue-green with a brown nucleus. Asso- 
ited minerals are biotite, colorless mono- 
nic pyroxene, nepheline, sodalite, and Na- 
-zeolites. Nepheline, sodalite, and zeolites 
ually fill up interstices in feldspar grains 
thout replacing them. 


Accessory minerals are sphene in idio- 
yrphic wedge-like crystals, short-prismatic 
‘con, purple fluorite, and locally melanite, 
i-andradite), and magnetite. Apatite, epi- 
re, thorianite, naégite (?), and pyrite are 
re. The most abundant accessories are 
hene, zircon, and fluorite. 


Small pegmatoid schlieren and gently 
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dipping veins of the same minerals as the en- 
closing syenite are common. These forma- 
tions locally contain pocket-like bodies of soda- 
lite (hackmanite) and zeolites. Large crystals 
of a pitch-black melanite (1 to 5 cm) have been 
observed in leucocratic schlieren zones. These 
melanite bodies do not appear to be metasomatic 
formations: there are no replacement pheno- 
mena and the K-Na-feldspar inclusions in mel- 
anite have idiomorphic outlines. 


The composition of three representatives 
of these syenites is close to alkalic syenite of 
the pulaskite type (specimens 817 and 269 in 
Table 2 and Figure 4). The high value of c' 
(= 32.5) for specimen XIV is due to the pres- 
ence in it of the farily abundant accessory, 
melanite. 


e) Nepheline syenites make up about 6% of 
the intrusive outcrop and are associated chiefly 
with its northwestern edge. They are repre- 
sented by coarsely crystalline, pallid light- 
gray rocks of a leucocratic aspect and of a 
predominantly massive structure. Miner4log- 
ically, they correspond to a miaskite para- 
genesis, being 65 to 85% orthoclase; 5 to 30% 
nepheline; 2 to 5% reddish-brown to greenish- 
black biotite, often in coarse flat scales; 1 to 
3% augite pyroxene; and 0 to 9% brown-green 
hornblende. Because of the fluctuations in 
mineral composition, the following varieties 
may be identified: biotitic with an addition of 
pyroxene (predominant variety); biotite - 
barkevikite-pyroxene; and hornblende-biotite- 
pyroxene. In addition, they are subdivided into 
the nepheline (10 to 30% nepheline) and nepheline- 
bearing (5 to 10% nepheline). Acid plagioclase; 
Na-Ca-zeolites; colorless micas, chiefly on 
nepheline; and light-blue sodalite (N = 1. 487) 
are associated minerals. For accessory min- 
erals there are Magnetite (the most abundant), 
sphene, zircon, apatite, fluorite, Mn-ilmenite, 
pyrite, and two other minerals whose identi- 
fication is lacking because of their scarcity 
and small amount. Mineral 1 forms glue- 
like xenomorphic precipitates, is greenish- 
brown, with a greasy luster, conchoidal 
fracture, low birefringence; it is radioactive 
and non-pleochroic. Its basic composition is 
Ca-Fe-Mg-silicate with Na, Al, Ti, TR. 
Mineral 2 forms small idiomorphic crystals, 
is dark-brown to reddish-brown; habit tabular 
or more complex; form, supposedly a triclinic 
syngony. Cleavage is lacking. As seen in 
thin section, it is brown, isotropic, with a 
high refractive index. Basic composition: a 
complex oxide of Zr, Th, and Ca, with Fe, 

Ti, U, Y, Ce, La, and Nb (data of semi- 


quantitative spectrographic analysis). 


Very typical of the structure of nepheline 
syenites are pseudo-leucitic rounded bodies 
responsible for the spotty to porphyritic aspect 
of this rock. These bodies have no definite 
outlines. In a typical pseudo-leucitic nepheline 
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Table 2 


Chemical composition of rocks of the Sandyk Mountain alkalic massif! (in weight %) 


Phase one (specimen Nos. ) Phase two (specimen Nos. ) 


Components 


1055 265 808 254-b | 1050 817 XIV 269 1069 268 


ere 68.94! 58.62 | 58.18 | 59.80 | 55.94 | 57.23 | 57.79 
: : 0.58} 0.54] 0.12} 0.62] 0.69] 0.76] 0.72] 0.46) 0.62 
Al,03 15.44] 17.26| 17.40] 17.29] 16.14] 19,75 | 19.46 | 18.64 | 19.67 | 20.54 | 17.61 
Fe,03 3.40] 2.33] 2.28] 2.47] 4.13] 1.34] 1.44] 2.34] 0.98] 1.27] 2.45 
FeO 4,49| 3.66] 2.72] 1.44] 0.47] 2.34] 1.96] 1.37] 2.45] 41.43] 2.90 
6.25] 3.83] 2.34] 1.19] 0.45) 1.25] 0.40} 0.63} 1.38] 0.66) 2.66 
7.90| 5.87] 4.44] 2.52] 0.54) 2.73] 2.57] 1.99] 2.63] 1.68) 4.61 
2.55] 3.05] 3.56] 2.53] 3.72] 3.40] 3.70) 3.12) 2.39] 2.32] 3.00 
5.45| 6.42] 6.66] 9.46| 8.44)/10.02/10.37| 9.87] 12.84] 12.44) 7.69 
0.76] 0.52} 0.44] 0.79] 0.48] 0.78) 0.89] 1.46) 0.78) 1.40] 0.67 


99.65 | 99.48 |100. 10}100 82/100. 66] 99.68 | 99.78 


Losses in 

heating 

Total 
§ 


99.40 }100.00 


RO 
R2O 
R20 + RO 
SiO, 

K + Na 
Al 
Na 
Al—K 


2.33] 1.45] 0.9 | 0.43] 0.09] 0.47] 0.35] 0.30] 0.42] 0.25] 0.95 


0.5 | 0.4 | 0.32] 0.27] 0.19} 0.33] 0.32] 0.28] 0.38) 0.32) 0.36 


0.65] 0.64] 0.75) 0.82} 0.94] 0.83] 0.89 0.9 | 0.84} 0.75 


0.56] 0.58} 0.87] 0.63] 0.75} 0.65] 0.7 | 9.53] 0.52 


Recomputation by the A. N. Zavaritskiy method 


a 13.2 | 15.8 19.6] 20.2; 22.5] 24.0) 21.9] 24.7] 24.4) 17.9 
c 3.95; 3.7 2 Ohi sOhBlur meee, 1.4) 4.9 aS eel ae 
b 23.4 | 15.2 6.8 a7. 6.6 5.6} 5.0 7.7) 4.0) 12.4 
s 60.15! 65.3 74.61 77.5, 68.7) 69.0, 71.2) 66.3] 69.4) 67.0 
a’ — — _ — — _ — — 7.3) 

i’ 29.2 | 35.3 53.0] 80.8! 50.6; 55.0) 66.2) 42.2) 63.7} 40.0 
m’ 45.0 | 42.5 30.6] 15.4) 32.6) 42.5) 24.1) 32.4) 29.0) 37.7 
4 29.8 | 22.2 16.4} 3.8] 16.8] 32.5) 12.7) 25.7) — | 22.3 
n 41.4 | 43.0 28.5] 40.3) 34.4] 38.2) 32.2} 22.3) 24.8) 37.0 
Q —9.65; —4.7 +2.0]4-14.0) —9.8 | —11.4) —3.3 |—18.1/—-12.2| 4.8 
a:c 3.7 4,3 9.8} 33.7) 10.2| 17.2) 11.5 11.1) 630 


Rocks of the first intrusive phase: specimen 1055—essexite-augite-biotite monzonite, olivine-bearing 
(early facies "a''); specimen 265—porphyritic to alkaline-earth monzonitic syenite, augite-biotite (main facies 
"b"); specimen 808—strongly porphyritic augite-biotite normal alkaline-earth syenite (late facies "'c"'); speci- 
men 254-b—strongly porphyritic leucocratic syenite, biotite-(epi)hornblendic, pyroxenic (late facies '"'c"'); 
specimen 1050—aegirine-augite quartz syenite-aplite (vein series). 

Rocks of the second intrusive facies: specimen 817—coarse-grained massive hornblende alkalic syenite 
(early facies '"'d"); specimen XIV—medium-grained trachytoid hornblende alkalic syenite with melanite (early 
facies ''d"); specimen 269—medium-grained leucocratic hornblende alkalic syenite (early facies ''d"'); specimen 
1069—pseudo-leucitic porphyritic nepheline syenite, hornblende-pyroxene-biotitic (late facies "e''); specimen 
268—massive nepheline syenite, biotitic with augite (late facies "'e"'); specimen VI—average computed com- 
position of magma for the Sandyk Mountain intrusion. 


1 Silicate analyses performed by L. A. Pevtsova at the Institute of Geochemistry and Analytic Chemistry, 


Academy of Sciences, U.S.S.R. The K and Na content in specimens 817, XIX, and 1069 were determined 
by flame photometry by V. I. Lebedev, at the same institution. 
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enite, these light-colored rounded bodies 
nsist of fine, fairly idiomorphic prismatic 
ystals of orthoclase cemented with nepheline 
Jigure 2). In hypidiomorphic-granular mas- 
ive nepheline syenite, such accumulations are 
’cognized either on weathered surfaces of a 

p or else only under the microscope, when 


FIGURE 2, 
leucitic body. 

A drawing of thin section; 5 x; 
single Nicol, 


Structure of a pseudo- 


1) nepheline; 2) orthoclase; isolated 
grains of hornblende and biotite scales 
are present. 


ney are not as well defined. Here, nepheline 
preads out of pseudo-leucitic bodies and into 
ae adjacent rock where it fills up interstices 
etween coarse crystals of orthoclase, which 
oints to its late crystallization (Figure 3). 
onsequently, the observation data suggest a 
rimary-magmatic nature of the pseudo- 
>ucitic aggregates. It appears that they 
riginated as "liquid crystals" of a leucitic 
omposition, and then crystallized out as 
epheline and orthoclase, in the process of 
rystallization of the rock as a whole. 


Conspicuous among other features of the 
epheline syenite is a late formation of bio- 
te in fine scales which are found between 
sldspar grains, without replacing them. 


The lenticular occurrence of nepheline 
yenite in varieties of hornblende or else their 
osition below alkaline-earth syenites in deeper 
egments of the intrusive body, along with 
oorly developed prototectonic phenomena and 
1¢ presence of these peculiar pseudo-leucitic 
ssregates all suggest that nepheline syenites 
ere formed the last and under conditions of 
dying-out intrusive process. 
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FIGURE 3. 
nepheline (1) and orthoclase 


Usual relationship of 


(2) in nepheline syenite. 
10 x; Crossed Nicols. 


Two specimens of nepheline syenites (Nos. 
268 and 1069, Tables 1 and 2, and Figure 2) 
are similar to miaskite, petrochemically and 
mineralogically. The definite predominance 
of K over Na (n= 22) and the generally high 
K content is very conspicuous. The leuco- 
cratic composition of nepheline syenite with a 
high content of K40 (up to 12%) and of Alg03 
(up to 20%) suggests that they may be a possible 
source of aluminum, potash, and portland 
cement. 


This brief petrographic sketch of alkalic 
rocks in the Sandyk Mountains brings forth a 
peculiar feature of the zonation in the intru- 
sive body: its deeper zones, made up of the 
second phase rocks, are on the whole more 
leucocratic than the peripheral and apex parts 
which are enriched in dark minerals (Table 1). 


The vein series of this intrusion is but 
developed slightly, being represented by both 
melanocratic and leucocratic rock types, 
chiefly of the syenite series. In composition, 
they appear to inherit many typical features of 
the composition of their source rocks of both 
phases. Thus, K-Na-feldspar is sharply pre- 
dominant or is even the single principal sialic 
mineral. In vein monzonite, monzonite por- 
phyr, syenite porphyr, and in many leuco- 
syenites, dark minerals are represented by 
diopside-augite and biotite. In syenite-aptite 
and bostonite, rare dark minerals commonly 
are aegirine-augite and biotite, with quartz 
not uncommon, as are accessory to 5 ot 10%. 
These vein rocks usually are found among 
the first phase syenites. 


In intrusive syenite of the second phase 
(in alkalic hornblende and nepheline and 
nepheline syenites), vein rocks are usually 
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more alkalic and leucocratic. Thus, arfvedso- 
nite hornblende is present in them, with nephe- 
line, sodalite, hackmanite, and zeolites com- 
monly present instead of quartz. For example, 
a peculiar variety of bostonite consisting of 
elongated crystals of K-Na-feldspar, with inter - 
stices filled with nepheline, sodalite, and fluo- 
rite with a small addition of biotite was observed 
among nepheline syenites. 


It appears that a consecutive formation of 
vein derivatives took place during and after 
the intrusion differentiation into its main rock 
types. However, the absence of intersections 
of vein rocks makes it impossible to make this 
assumption more specific. It is quite possible 
that some of the vein rocks in syenites of the 
first phase are derivatives of the second phase; 
this may be especially true for syenite porphyr 
with incrustations of epi- and pseudo-leucite 
and for a portion of syenite-aplite and felds- 
pathic bostonite. The injectional occurrence 
of all vein rocks suggests their igneous origin. 


GEOCHEMICAL FEATURES OF 
THE INTRUSION 


Foremost among geochemical features of 
alkalic rocks in the Sandyk Mountains intrusion 
is their peculiar alkalinity. Thus all composi- 
tions are marked by a considerable KO con- 
tent and by a predominance of K,O ovér NajO 
(n= 22-45), as compared with median types of 
alkalic rocks of a similar composition, The 
potassium alkalinity is graphically illustrated 
by a very flat slope of vectors in the left part 
of the diagram (Figure 4). This is accompanied 
by an absolute accumulation of K9O in later 
differentiates, approximately twice as large, 
reaching 10 to 12% in syenites of the second 
phase, and by a more or less constant and 
low NagO content varying but slightly at about 
3%. Only the mineralogic forms of sodium fixa- 
tion change; it is plagioclase and orthoclase for 
rocks of the first phase; chiefly orthoclase- 
perthite for hornblende alkalic syenites of the 
second phase; and mostly nepheline for nephe- 
line syenites. It is possible that manifestations 
of sodium metasomatism are not typical of this 
intrusion because of this very low sodium con- 
tent and the lack of a tendency for its accumu- 
lation in the process of differentiation. 


Alkalic rocks of the Sandyk Mountains intru- 
sion have a normal geochemical composition, 
(CaO+NagOtK 90> Alg03>K90+Nay0); only a 
few nepheline syenites are slightly oversatura- 
ted in alumina, such as leucocratic nepheline 
biotite syenite (specimen 268; a'= 7.3), In the 
course of the development of the intrusion, the 
alumina content increased from older (alkalic 
gabbroid) to younger (nepheline syenite) rocks, 
to attain 20% AljOx in the nepheline syenite, 
which may be correlated with the above- 
mentioned alkaline conditions and whose cause 


84 


might have been the progressive accumulation 
of potassium. 


Most of these rocks are marked by a low 
saturation in SiOz as expressed in the negative 
value of Q and in the appearance of olivine, 
nepheline, and sodalite. Some of the vein rocks, — 
such as aplite-syenite in specimen 1050 (Table 
2) are slightly supersaturated with SiO, and | 
carry quartz. Some leucocratic syenites of : 
the first phase are petrographically similar 
to the second-phase rocks. However, the 
first are marked either by a positive or a . 
very low negative value of Q which is expressed 
in the appearance of accessory quartz. On the 
other hand, the chemically similar second- 
phase rocks (in alkalic hornblende syenite) 
are marked by a lack of quartz and by a fairly 
considerable deficiency in SiO0j7. Here, Q has a 
higher negative value accompanied by the ap- 
pearance of nepheline, This is related to the 
fact that there was an increase in SiOj9 accom- 
panied by a decrease in the ratio (R90 + RO)/ 
SiO», in the series of consecutive differentiates 
of the first phase, from oldest rocks (alkalic 
gabbroid) to the youngest (leucocratic syenite). 
Syenites of the second phase, on the other hand, 
displayed a lower alumina content for the same 
values of this ratio, This is directly related 
to the alkalie plus alkaline-earth ratio to iron, 
in the process of differentiation. 


The fact is that a characteristic feature of 
differentiation, in this case, is the strong 
antagonism of alkaline-earths for alkalies. 
Ratio RO/R2O decreases sharply from older 
rocks (alkalic gabbroid) to the younger (leuco- 
cratic syenite facies of the first phase and rocks 
of the second phase): by a factor of 2 to 3 for 
monzonite-essexite and by a factor of 3 to 9 
for younger differentiates (Figure 4). The 
vector diagram shows an evolution of the com- 
position points upward and to the right: index 
b decreases by a factor of 3 to 5 as a increases 
nearly twice, with the rise in alkalinity caused 
by an accumulation of K for a lower content of 
Ca, Mg, and Fe. 


Thus a comparison of geochemical indexes 
for rocks of the first and second phases em- 
phasizes their distinctive features as reflected 
in changing values of b, a:c, RO/RgO andRgOt 
RO/SiO2. Thus the first phase is characterized 
by a moderate saturation in alkalies (7> a/c> 2) 
while the deficiency in SiO is present with re- 
gard to alkaline-earths and iron, as demonstra- 
ted by the negative value of Q for high values of 
ratio RO/R9O and a larbe b, Ferrous- 
magnesian olivine appears here. 


Rocks of the second phase are richer in 
alkalies (a:c>7) and have a deficiency in SiOg 
as shown by their negative value of Q anda 
low RO/R9QO ratio, Nepheline appears here at 
values of b considerably lower than in the first 
phase rocks, 


FIGURE 4, 


Table 2, 
V.I. Luchitskiy (9, p. 


The presence in the second phase syenites, 
‘ such volatile-bearing minerals as fluorite, 
ydalite, zeolites, and hornblende indicates a 
‘eater degree of saturation in volatiles (F, Cl, 
90) in this phase, compared with the first 
ase. 


To explain the paragenesis of dark minerals 
| these rocks we introduced an additional 
ctor (Na) = Na/(Al-K) which determines the 
»ssibility of the formation of alkaline pyro- 
2=nes and amphiboles for given ratios of Na, 
, and Al. Here, (Na) is the ratio of Na atoms 
. that number of Al atoms which remains in a 
elt after the saturation of aluminosilicates by 
uminum, to the ratio K:Al = 1:1. Inasmuch as 
a/Al1 = 1/1 in albite and nepheline, the value 
(Na) should indicate the degree of an excess 
- deficiency in Na with relation to aluminum 
id, consequently, the possibility of the for - 
ation of Na-rich dark minerals (aegirine, 
‘fyedsonite, and riebeckite). 


As it turns out, the value of (Na) for the 
ain types of alkalic rocks in the intrusion is 
43-0.75, considerably less than one. As 
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: Vector diagram of the composition of alkalic rocks in the Sandyk intru- 
sion as compared with some median types of alkalic rocks (solid vector lines-the 
Sandyk rocks; dashed lines-median types). 


] - rocks of the first intrusive phase; 2 - rocks of the second intrusive phase; 

3 - average computed composition of the original alkalic magma of the Sandyk intru- 
sion; Names of the intrusive rocks are-given for the corresponding numbers in 

For median types: | - average of 11 analyses of Uralian miaskites, by 
264, analysis 1); 2 - miaskite, by B.M. Kupletskiy (7, 

p. 370, analysis 111); 3 - pulaskite, by R. Daly (7, 324, analysis VI); 4 - mon- 
zonite, by R. Daly (7, p. 324, analysis X!); 5 = micaceous alkaline-earth syenite, 
by R. Daly (6, p. 347, analysis 15); 6 - essexite, R. Daly (6, p. 349, analysis 

| 93); 7 - akerite, R. Daly (7, p. 324, analysis VII); 8 - alkaline-earth syenite 

of all types, by R. Daly (6,>p.347, analysis 17); 9 - laurvikite, by R. Daly (7, 

| p. 324, analysis X); 10 - foyaite, by R. Daly (7, p. 


370 analysis IV). 


seen in Table 2, these values are more indica - 
tive of the plumasite nature of these rocks than 
their agpaitic coefficients. As has been noted 
before, Na-rich dark minerals are not typical 
of these rocks where the usual association is 
augite, biotite, and common hornblende, i.e., 
minerals showing an excess alumina with re- 
gard to alkalies. By the same token, the 
presence of biotite, augite, and the higher 
basicity of plagioclase in alkalic gabbroids 
and alkaline-earth syenites determines the 
minimum value of (Na) (0. 43-0. 56) for these 
rocks. On the other hand, the excess Na in 
the formation of Na-rich dark minerals sug- 
gests a limited combination of Nat, Fest), as 
in aegirine. Because of that, a considerable 
amount of Fest is cast off to form accessory 
magnetite. It has been demonstrated that this 
mineral is most common and most abundant 
in alkalic rocks of the intrusion. On the other 
hand, the appearance of aegirine-diopside 

in syenite-aplite (specimen 1050) is reflected 
in a higher value of (Na) = 0.87 for that sam- 
ple and is accompanied by a lower accessory 
magnetite content, as compared with biotite 
syenite-aplites. 
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In summing up, it can be stated that geo- 
chemical study of the zoned di-phase plutonic 
body of the Sandyk Mountains suggests a definite 
direction of evolution of the alkalie melt, in 
time and space. A consecutive differentiation 
of the emplaced alkalic magma into a number of 
compositions took place during that very forma- 
tion of the intrusion. The earlier of these com- 
positions were enriched in mafic components, 
Fe, Mg (and Ca); they were undersaturated in 
SiO» and relatively poor in volatiles. They 
make up the upper and the peripheral parts 
of the intrusion and correspond on the whole 
to the first-phase rocks. 


The later compositions were poor in Fe, Mg, 
and Ca; considerably richer in K; undersatu- 
rated with SiO, with relation to alkalies; and 
relatively richer in volatile components. They 
are located in deeper reaches of the intrusive 
body and correspond on the whole to the second 
phase rocks. 


THE PROBLEMS OF ORIGIN 


Geologic conditions of occurrence of this 
intrusion, and its structural features, preclude 
the application of R. Daly's hypothesis and 
any similar view for an explanation of the ori- 
gin of the Sandyk intrusion. Furthermore, there 
are no data on a probable genetic relationship 
between the alkalie magma and either the grani- 
tic or the basic. As a consequence, alkalic 
gabbroid and nepheline syenite cannot be re- 
garded as product of assimilative interaction of 
a granite magma with rock rich in bases (lime- 
stone or other Ca-Mg-Fe-rocks), with a result- 
ing desiliconization of the hybrid melt. The 
reasons for this follow. 


Lower Paleozoic carbonate rocks of this area 
are developed south of the intrusion and are 
separated from it by Lower Silurian sandstone 
and slate. Nepheline syenites are distributed 
mostly along the northern edge of the intrusive 
body, in its interior parts. Alkalic gabbroid 
is present at the intrusive contacts with both 
Lower Silurian sandstone and slate and with 
Caledonian granitoids — both considerably 
inferior to them in Ca, Mg, and Fe content. 
Xenoliths of the enclosing and deeper rocks are 
rare in the intrusive rocks and there are no 
primary carbonates among their minerals, in- 
cluding the nepheline syenites. 


It is especially significant that the SiO 
deficiency is most marked in both the primary 
products of differentiation and in the later ones, 
which militates against a desiliconizing effect 
caused by external factors. In intermediate 
varieties, the SiO» deficiency is not as con- 
spicuous. Also, a treatment of the origin of 
these rocks as the result of metasomatic pro- 
cesses with a participation of highly alkaline 
potassium fluids is without justification, inas- 
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much as the demonstrated relationship of rocks — 
and minerals is more typical of igneous forma- — 
tions. . 

| 


Accordingly, the primary nature of the Sandyk 
Mountains alkalic magma and its derivatives must 
be assumed. The composition of this magma was 
calculated approximately from chemical analyses _ 
of typical rock representatives, taking into ac- 
count the area of their distribution (see analysis 
VI in Table 2, and Figure 4). The composition 
of this alkalic mother magma was close to alka- 
line-earth syenite, in its considerable K content 
as compared with Na (n = 37.0); in its RO/R2O 
ratio close to 1 (0.95); a higher Ca content; and 
some deficiency in SiO» (Q= -4.5). Differentia- 
tion of such magma could have taken place with- 
in an intrusive chamber and the feeding channels, 
without any material being added or taken away. 

It is in this process that the antagonism, fre- 
quently mentioned by F. D. Levinson-Lessing 
[8] for alkalies toward alkaline-earths, among 
factors of magmatic differentiation, became 
manifest; in our study, it was expressed in 
the formation of mesocratic melts of the first 
phase and of more alkalic and leucocratic de- 
rivatives of the second phase. What is, then, 
the mechanism and the causes of such differ - 
entiation? 


As has been shown by the experimental study 
of D. P. Grigor'yev, Ya. I. Ol'shanskiy, and 
Z. P. Yershova [2, 3, 4], the liquation of a 
silicate melt into a leucocratic and a meso- 
cratic composition of a limited miscibility 
and with a mandatory and prompting action 
of volatile substances (especially fluorine) is 
quite possible. It should be noted that such 
an effect could hardly have been unique, inas- 
much as the presence of a definite zonation in 
the intrusive structure calls for additional 
explanation and does not follow from a liqua- 
tional differentiation. It is possible that the 
influx of Fe, Mg, and Ca to upper levels of 
an intrusive magma from its deeper and hotter 
reaches was of a thermo-diffusive nature. It 
can be supposed that both thermo-diffusion and 
liquation were the main factors of magmatic 
differentiation of an alkalic magma of the Sandyk 
intrusion. A detailed consideration of these 
complex problems is beyond the scope of this 
paper. 


However, this interpretation of the origin 
of nepheline syenite is of importance as a 
prospecting criterion because it puts among 
the sources of these industrially valuable rocks 
those alkalic intrusions of a complex composi- 
tion which are not related to carbonate or other 
rocks of a higher basicity, and which have 
hitherto been believed valueless. 


SUMMARY 


1. The Sandyk Mountains alkalic intrusion 
belongs to complexly differentiated plutonic 


dies of a two-phase development and hypa- 
ssal occurrence of the fracture type, in the 
)rthern Tyan'-Shan' Caledonian rocks. Its 
other magma was close in composition to 
aline-earth syenite, much richer in K than 
) Na, and without any direct genetic relation- 
ip to a granitic or a basic magma. A geologic 
yd petrochemical study of the assorted alkalic 
pcks in this intrusion demonstrates their ge- 
tic kinship and a near -contemporaneous 
}igin. 


4 2. Nepheline syenite of the miaskite type 

id their peculiar pseudo-leucitic varieties 
¢2re discovered here, the first for northern 
)sshkiriya. These rocks have a leucocratic 
tpect, a high K and Al content, and may be of 
4dustrial value. 


| 3. The differentiation process for an alkalic 
jagma in the development of the intrusion is 
farked by a well-defined, strong antagonism 
tween alkalies, chiefly K, and alkaline- 
irths, on one hand, and iron on the other. 

nis is reflected in a zonal structure of the 
(trusive body. The oldest rocks are located 

) the upper and outer parts of the intrusion 
tere they are enriched considerably in Ca, 

ig, and Fe. The youngest rocks form the 
jterior parts; they are low in Ca, Mg, and Fe, 
id rich inK, Al, and volatiles. 


4. The application of factor (Na) = Na/(Al - 

) which expresses the deficiency in Na relative 
| Al has brought out the petrochemical features 
the several compositions, determining the 
ypearance of typical plumasite dark minerals 

| alkalic rocks of the intrusion. 


'5. The R. Daly hypothesis is inoperative 

_ explaining the origin of various alkalic rocks 
\the intrusion. It is surmised that phenomena 
thermal diffusion and liquation have been the 
ain factors of differentiation of the alkalic 
agma. 
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BORIS VASIL’YEVICH IVANOV (OBITUARY)! 


Boris Vasil’ yevich Ivanov died on the night of 
October 11, 1959, after a grave illness; his un- 
timely death came in his 53-rd year. He was 
Senior Scientist of the Institute of Geology of 
Ore Deposits, Petrography, Mineralogy, and 
Geochemistry (I.G.E.M.), the U.S.S.R. 
Academy of Sciences, and Candidate of Geologic 
and Mineralogic Sciences. In losing B.V. Ivanov, 
Soviet science has lost an outstanding expert in 
the field of petrography of industrial rocks. 
After having graduated in 1930 from the Geo- 
chemical Division of Leningrad Polytechnic 
Institute, B. V. Ivanov started his scientific 
career by working on exploration for non-ore 
minerals (mica, feldspars) in Kareliya, at the 
Karelgranit Trust. Having taken a liking to the 
North, he became interested in the minerals of 
Kareliya and the Kola Peninsula and he kept up 
this interest and close scientific connections 
with the Kola Affiliate of the U.S.S.R. Academy, 
until the end of his life. 


In 1934, B.V. Ivanov was invited by Acade- 
mician D.S. Belyankin to work at the Academy 
in the organization then termed Section of Tech- 
nical Petrography at the Petrographic Institute. 
From then on and to the very end, his work was 
connected exclusively with that branch of petro- 
graphic sciency developed in the I.G.E.M. Sci- 
entific achievements of B. V. Ivanov are re- 
flected in some 70 published original studies, 
chiefly on the chemistry and mineralogy of re- 
fractory materials and on minerals used in pro- 
ducing them. 


A distinctive feature of his work was the 
close relation of theoretical and practical pro- 
blems and the striving to utilize new scientific 
data in the solution of specific industrial pro- 
blems. For that reason, his creative, and 
friendly relations with industrial organizations 
and industrial institutions for scientific research 
were extensive, close, and fruitful. The fault- 
less accuracy of his data and the rigor of his 
scientific formulations gained wide recognition 


1Boris Vasil'yevich Ivanov. 
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among the experts in allied fields and made his 
reputation as an authority. 


B. V. Ivanov was a lover of books. He was 
well versed in scientific literature and was on 
the list of the Moscow scientific libraries in 
his field of work. His interest in literature was 
combined with an outstanding memory; he well 
deserved his reputation as an erudite man in the 
field of technical petrography. 


His ability and industry were not confined to 
scientific work alone but extended to the field 
of organization. At various times he was on the 
Board of Directors of the I.G. E.M. (Active 
Scientific Director); Academic Secretary of the 
Section of Geologic and Petrographic Sciences, 
Acting Chief of the Special Task Section; on the 
Editorial Board of Izvestiya of the U.S.S.R. 
Academy of Sciences, Geologic Series (Man- 
aging Secretary); Acting Chairman of the 
Organization Committee, Conference for Experi- 
mental and Technical Mineralogy and Petro- 
graphy, and on the Editorial Board of magazine 
“Ogneupory.'' He was frequently commissioned 
to inspect the activity of various Affiliates of 
the Academy. 


For his scientific endeavors, B. V. Ivanov 
was awarded orders of the Red Star and the 
“Order of Merit." 


His outstanding discipline and organizational 
ability earned him a rapid promotion in the 
Soviet Army, in whose ranks he fought from 
the first to the last day of the Great Patriotic - 
War. He went into the army as a lieutenant and 
came out a lieutenant colonel; he was awarded 
for his combat services the Order of Patriotic 
War, First and Second Class, the order of the 
Red Banner, and medals ''For Combat Service” 
and "For Victory Over Germany." 


B. V. Ivanov has made a large contribution 
to science. His works in petrology of technical — 
. 


G.D. AFANAS’YEV, ET AL 


: 


icks will long serve as a model and manual for G. A. Afanas'yev 


U 
‘}perts in that field. 


V.V. Lapin, 
| The friendly image of B. V. Ivanov will al- 
nys live in the hearts of his friends, co- pes." eer oa 
rkers, and pupils. .I. Tsvetkoy 
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REVIEWS AND DISCUSSIONS 


ON MOVEMENTS OF THE EARTH'S CRUST 
IN THE SAKHALIN REGION, BETWEEN THE 
LATE CRETACEOUS AND THE PALEOGENE! 


by 
A.A. Kapitsa 


Doklady of the Academy of Sciences, U.S.S. 
R. (vol. 119, No.4, 1958, p. 766) carries a pap- 
er entitled, The Lack of a Break in Sedimenta- 
tion Between the Cenozoic and Mesozoic in the 
Sinegorsk-Zagorsk Area, Sakhalin, by T. G. 
Kalishevich and V. Ya. Posyl'nyy. The authors 
set out to prove, on the basis of simple gener - 
ic identification of the fossil fauna that a 650-m 
sequence between definitely Senonian beds of 
the Orochensk stage with Parapchydiscus, Ino- 
ceramus, etc., and Paleogene Lower Duysk 
coal-bearing beds, is Paleocene to (presuma- 
bly Danian. In their opinion, the difference be- 
tween Paleocene and Danian beds is that the 
Paleocene carries Malletia and Voldia, which 
are missing in the Danian which carries Troch- 
ocyathus instead, Such a condition is not only 
without logical foundation but obviously at a va 
variance with direct and indirect evidence which 
the authors unfortunately have disregarded. 


Indeed, in calling the Lower Duysk forma- 
tion "Eocene," they did not take the trouble to 
prove its Eocene age. Now,A.N. Krishtofovich 
states ([1], p. 232) on the subject of this forma- 
tion in northern Sakhalin: "If the Lower Duysk 
beds are Upper Eocene, the Upper Duysk beds 
were deposited in the Oligocene, perhaps be- 
fore its end; if, on the other hand, the Lower 
Duysk beds were deposited as late as the Oli- 
gocene, the end of the Upper Duysk deposition 
presisted into early Miocene." In his time, A. 
A. Kapitsa and his co-workers, L.M. Sayapina, 
P. D. Sklyayev, and others, proved with abundant 
data the identity of the Paleogene coal measures 
of northern and southern Sakhalin, including the 


1K voprosu o dvizheniyakh zemnoy kory v oblasti 
Sakhalina na granitse verkhnemelovoy i paleogenovoy 
epokh. 
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Zagorsk-Sinegorsk coal measures - the Nai- 
buchi formation of Japanese geologists which 
they were inclined to assign to the Oligocene 
but not to the Eocene [2]. 


Thus, the problem of the geologic age of 
the Lower Duysk formation cannot be regarded 
as definitely solved. 


There is no doubt that this formation, on 
the whole, is Paleogene and at the same time 
younger than the Paleocene Akadzaki beds and 
lower Middle Eocene nummulitic beds and for- 
mations in the Hondo and Motodovari, Japan. 
On the other hand, no beds correlative with 
these ancient Paleogene ones have yet been 
found on Sakhalin; nor are they likely to be 
found because Paleogene transgression pro- 
ceeded from Japan, i.e., from the south. 


With regard to the so-called "Paleocene" 
formation of the authors, it cannot even be Dan- 
ian, because I found an ammonite contradicting 
that, in the valley of Naybe River, in Campan- 
ian tuffaceous beds, a typical Paleogene fauna, 
of the Orochensk stage, 50 m below the Lower 
Duysk formation soil. 


Finally, the so-called"’Danian" beds of these 
authors belongs really to a Senonian (Orochensk) 
stage which, along with Trochacyathus typical 
of it and of a somewhat lower horizon, carries 
Inoceramus and other fossils which we have 
found in a number of localities throughout the 
western Sakhalin Range. 


As a matter of fact, fossils cited by the au- 
thors (identified to genera only and not to spe- 
cies!) as a proof of a "Danian" and "Paleocene" 
age of the 650-m thick sequence have a very 
wide stratigraphic range, from the Mesozoic 
and even Paleozoic through the Cenozoic. Such 
a "basis" for an age determination of beds is 
more than precarious. 


Because of an ancient erosion, the thick 
maastrichtian volcanicsedimentary Boshnyakov 
formation, known north ofthis area in the west- 
ern Sakhalin Range and in the eastern part of 
the island, is missing inthe ZaborskSinegorsk 


yer Cretaceous section. That formation, 
ch we have long since identified as the upper - 
qst member of the Orochensk stage, carries 
«monites and inocerami along with a typical 
er Cretaceous flora of ferns, nilssonias, 

#\ many other pre-Tsagayan (pre-Danian) 
ints. 


/There is no doubt that this volcanic sequence, 
fidentally, corresponding to Senonian vol- 
jiics of Kamchatka, Japan, and the Amur- 
#3uri Province, is younger than the 650-m 

2k section of the two authors, This author, 
)ng with other Soviet and Japanese geologists, 
(; long since and incontravertibly:proven the 
jierally unconformable position of the Paleo- 
jie Lower Duysk formation on various Senon- 
¢ horizons, in Sakhalin. 


| 

‘In Japan, beds correlative with the Lower 
#ysk formation rest unconformably on much 
er rocks. Unconformable occurrences of 
tious Paleogene beds on different Senonian 
}:izons has long been observed not only in 
chalin but in Kamchatka and the Amur-Ussuri 
pvince as well. They all suggest the regional 
ture of diastrophism which took place between 
» Late Cretaceous and the Paleogene in the 
yan-Okhotsk geotectonic province. This is the 
1in reason for the abrupt changes in Paleogene 
ina and flora, compared with the Upper Cre- 
seous. The authors’ conclusions on the al- 
sed absence of a Mesozoic-Cenozoic sedimen- 
-y break in the Zagorsk-Sinegorsk area run 
ainst firmly established stratigraphic and 
ttonic views. We hope that this criticism 

ll be supported by experienced geologists who 
ve spent some years in the study of the Japan- 
‘hotsk tectonic region. 
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ON V.D. KOGAN'S PAPER "ORIGIN OF 
NATIVE SULFUR" !+? 
by 
P.M. Murzayev 


The origin of sulfur, one of the most im- 
rtant minerals, is not yet known. A proof 


Po povodu stat'i V.D. Kogana "K genezisu samo- 
Inoy sery." 


Dokl. AN S.S.S.R., t. 125, no. 5, 1959. 
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REVIEWS AND DISCUSSIONS 


of this among other things, is the paper under 
review. The importance of the problem of 
exploration and prospecting requires no ex- 
planation. In addition, its solution will affect 
the creation of synthetic sulfur deposits} 
In his attempt to help clarify this obscure 
subject, V.D. Kogan "approached it from a 
different point of view," not yet taken up in 
numerous works on the origin of sulfur. This 
new approach he states as follows: "If some 
sulfur ores have been formed in a replace- 
ment of gypsum, and others formed in a re- 
placement of limestones, then. . . 1) acces- 
sory minerals of Group I (coarsely crystal- 
line sulfur ore) should be correlative with 
accessory minerals of gypsum; 2) accessory 
minerals of Group II (dispersion) ores should 
be correlative with those of limestones." 


The author does not explain what sulfur 
ores are referred to, what kind of replacement 
he is talking about (physical or chemical?); 
or what relationship exists between ores of 
groups I| and II and other rocks. 


To substantiate his. point, the author gives 
a table of the distribution of accessory min- 
erals in ores of groups I and II, gypsum, and 
limestone of the Gaurdak sulfur deposit. It 
shows the similarity in accessory minerals 
of gypsum and those of sulfur ores of Group 
I; and of limestone accessory minerals and 
ores of Group II. 


From there, the author goes on to the con- 
clusion that "at least some of the dispersion 
ores have been formed in a direct replacement 
of anhydrite (by way of gypsum) by sulfur ore." 


The lack of correspondence between the 
premise and the conclusion is striking; there 
is no explanation to that effect in the paper. 


According to the text and the Table, acces- 
sory minerals of the dispersion ores differ 
from those of gypsum; this, however, con- 
tradicts the direct replacement of the latter. 
Indeed, if an ore (sulfur with the enclosing 
rock?) is epigenetic in relation to the en- 
closing rock and is a product of its chemi- 
cal metasomatism, the accessory minerals 
of both should be similar in composition, 
as is the case of a syngenetic ore. Ap- 
parently the author has not taken that into 
consideration; for this reason, "material 


3pzens-Litovskiy, A.I., The Problem of Creating 
Synthetic Mineral Deposits. Priroda, no. 11, 1955. 
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cited" does not prove that "at least some 

of the dispersed ores have been formed in 
a direct replacement of anhydrite (gypsum) 
by sulfur ore." 


The author should have made a distinction 
tween the formation of primary sulfur and of 
sulfur recrystallized and added to that deposit; 
he also should have taken into consideration the 
high chemical activity and mobility of sulfur. 


The author may be right in stating that coarse 
crystalline sulfur of sedimentary deposits is 
epigenetic, but only with relation to primary 
dispersion sulfur and always in relation to the 
enclosing rocks. 


LETTER TO THE EDITORIAL BOARD 
ON THE CRITICISM OF THE STATUS 
OF GEOLOGIC SCIENCE! 


by 


V.I. Smirnoy, 
Corresponding Member of the Academy 
of Sciences, U.S.S.R. 


Izvestiya of Schools of Higher Learning, Geo- 
logy and Exploration, No.8, 1959, carries an 
article by P. Ya. Antropov, On Some Aspects of 
Geologic Science in Connection with the Seven 
Year Plan for the Development of the State Econ- 
omy in the U.S.S.R. 


In extending the scope of his criticism, P. Ya. 
Antropov includes in his article Yu. A. Bilibin, 
G.Scheneiderchen, and myself. His blanket ac- 
cusation, which also extends to a large number 
of geologists, is no less that our views "not 
only do not promute and facilitate the study of 
the geology and minerals of this or that area 
but actually complicate and definitely confuse 
it’ (p. 14). Leaving this conclusion to the judg- 
ment of geologists, we should like to clarify 
some of the points touched upon in the article. 


In view of the fact that P. Ya. Antropov's 
article does not differentiate the concepts of Yu. 
A.Bilibin, G.Schneiderchen, and myself, lump- 
ing them together as "erroneous views disorien-- 
ting the production, " I deem it necessary to pre- 
sent a brief resume of the differences in scien- 
tific concepts between the three of us. I must 
beg the reader's indulgence for this digression: 
the only reason for it is that P. Ya. Antropov did 
not clarify this point. 


As is well known, Ya. A. Bilibin recognized 


1Dis'mo v redaktsiyu (O kritike polozheniya v 
geologicheskoy nauke). 
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time. 


a single cycle of geosynclinal development, for 
all folded provinces; he divided it into three 
stages, in his early works, and into five in his 
later works. He ascribed to each stage its 
proper igneous complexes and the formations 
of endogenic minerals. In that respect, he was 
a monycyclist. It is also known that there was 
no lack of criticism of his scientific concepts. 
I myself noted their specific weak points. But 

I categorically disagree with P. Ya. Antropov 
that Yu. A. Bilibin's development scale was 
scholastic, presenting neither a theoretically 
worked-out scientific basis nor the practical 
results of generalization of empirical facts 
(p.5). For myself, I have regarded and do re- 
gard now Yu.A. Bilibin as an outstanding scien- 
tist who has advanced the study of metallogeny _ 
and of the conditions of formation of industrial 
minerals. 


Unlike Yu. A. Bilibin, G. Schneiderchen be- 
lieves that folded provinces and associated 
mineral deposits were formed in several cycles. 
He recognizes, as other geologists do for post 
Proterozoic time, the Caledonian, Hercinian, 
and Alpine geotectonic cycles. In this respect, 
he is an advocate of polycyclic development of 
folded provinces. However, his interpretation 
of which part of each cycle is involved in the 
formation of endogenic mineral deposits is fair- 
ly original. He regards the Caledonian metal- 
logenic epoch as hardly productive under the 
Eurasian conditions; he associates all primary 
endogenic mineralization with the Hercinian 
epoch; and he regards endogenic ore deposits 
of the Alpine epoch as a result of marshalling 
up and redeposition of material of earlier -for- 
med, chiefly Hercinian, ore deposits. 


By the way, our own views on the G. Schen- 
eiderchen concepts are known from our papers 
on regenerated deposits. As to the regard in 
which P. Ya. Antropov holds G. Schneiderchen, 
it has undergone an abrupt change in a short 
It was comparatively recently that he 
strongly supported the project of translating 
Schneiderchen's papers on regenerated ore de- 
posits into Russian and it is largely thanks to 
him that this has been done. It is that much 
more surprising that he labels Schneiderchen's 
views on regenerated ore deposits as scholas- 
ticn(PDeeyeectculs 


My own works, unlike Yu. A. Bilibin's, present 
a polycyclic development of folded provinces; 
unlike G. Schneiderchen, I believe that each 
cycle is represented by a primary mineraliza- 
tion of its own. I reject the possibility of the 
bulk of post-igneous mineral deposits having 
been formed solely in marshalling up the mat- 
erial of earlier ore deposits through its regen- 
eration, as postulated by G.Schneiderchen. I 
believe that such redeposition, expressed in cap- 
turing material of more ancient deposits and its 
regeneration in subsequent mineralizations, 


-es place only in isolated and rather rare in- 
ynces, This view is especially well presented 
ithe latest works of Academician A. P. Vino- 
midov (Geokhimiya, No.7, 1959). 

‘Thus, the difference in views on the forma- 

fn and regularities of distribution of endogenic 
= deposits in the process of transformation of 
jsynclinal systems to folded provinces, is 
te substantial between the three geologists. 


Many statements in P. Ya. Antropov's article 
fear to be incorrect. It is erroneous, for 
lample, to deny any difference in igneous ac- 
jity and mineralization, between platforms 

¥1 folded provinces. On the contrary, there 

a considerable difference in geologic struc- 
-e and mineralization of the basements of pre- 
(leozoic platforms and of post-Proterozoic geo- 
aclines. An even more radical difference is 
sesent in metallogeny of geosynclinal and plat- 
im stages of development throughout the reg- 
hal structure of the Soviet Union. 


‘A peculiar aspect of P. Ya. Antropov's criti- 
5m must be mentioned. 


| First of all, he mounts, so to speak, a mas- 
ve criticism, taking in large groups of geo- 
Zists at one swat. In his two most recent pap- 
s in Izvestiya of Schools of Higher Education, 
d in his Metallogenic and Exploration Maps, 
ma-Ata, 1959, he rejects the ideas of 13 stu- 
mts, not counting a large group of members 
ithe V.S.E.G.E.I.; the latter group he indicts 
-a whole, without so much as mentioning any 
mes, as advocates of ''a mechanistic view of 
2 processes of development of geosynclinal 
istems." Such a totalitarian approach to the 
aluation of the works of our geologists cannot 
‘t cast some doubt on the validity of the criti- 
sm. 


“Second, in considering the views of various 
ologists, P. Ya. Antropov overtly abuses such 
ecific terms as "mechanistic approach,” 
dealistic view," "eclectic and pseudo-scien- 
‘ic paths,’ "adventurous caper," ''anti-scien- 
‘ic and scholastic ideas," etc. An excessive 
d inappropriate use of such figures of speech 
hardly conducive to a more convincing scien- 
‘ic argumentation and to a true criticism of 

é status of Soviet geologic science. 


Third, P. Ya. Antropov, having rejected all 
the modern metallogenic concepts, fails to 
vance any new scientific hypothesis. Such 

ing the case, all his statements are negative. 
is quite obvious that such exclusively destruc - 
re criticism will remain ineffective until some- 
ing new has been advanced to take the place of 
2 rejected concepts. This is not the case. If 
it is not enough, P. Ya. Antropov believes that 
s long as there is no penetrating, comprehen- 
ye, and truly scientific analysis of material 
hand, and not until it is used as a basis for 
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deterimining regularities in the evolution of an 
ore process and relationships in the formation 

and distribution of ore deposits with features of 
geologic structures of regions, should any gen- 
eral recommendations be advanced." (p. 12). 


Unlike P. Ya. Antropov, we believe that geo- 
logy has long since reached that mature stage 
when it becomes possible to discern those main 
features of natural regularities in the formation 
and distribution of minerals, which are essen- 
tial in a deliberate, scientifically founded dir - 
ection of geologic exploration. Thereinlies the 
difference between ours and P. Ya. Antropov's 
interpretation of the present status of geologic 
science. 


To be sure, the present status of both theo- 
retical and applied geology calls for a thought- 
ful and careful consideration of many fundamen- 
tal problems, directed to eliminate shortcomings 
in further progress in this field of knowledge. 
Still, articles like the one published in Izvest- 
ya of School of Higher Learning is hardly to be 
regarded as useful in the improvement of geo- 
logic science and its practical significance. 


A REVIEW OF "THEORY OF SEDIMENTARY 
ROCKS"! ? 


by 


A.D. Sultanov, A.N. Solovkin, A.G. Seidov, 
and D.M. Suleymanov 


This book is a general work on the petro- 
graphy of sedimentary rocks. It contains a 
total of 572 pages, and consists of twenty chap- 
ters, a bibliography of 609 items, and is illus- 
strated with 135 figures. With the exception of 
sections on experimental methods, the book re- 
flects the status of knowledge of sedimentary 
rocks as of today. 


Chapter One reviews briefly the mains stages 
and the direction of development of sedimentary 
petrography in the U.S.S.R., as well as the 
problems confronting it, along with brief data 
on the role of foreign scientists in the develop- 
ment of lithology. 


Chapter Two contains definitions of principal 
sedimentary rocks, their classification, and 
considers their main stages of development. The 
problems of genesis, diagenesis, catagenesis, 
and hypergenesis are quite adequately treated, 
as are syngenesis and epigenesis. Of interest 
is the treatment of features of diagnesis at the 
lower boundary of its zone. 


ne knige G. I. Teodorovicha 'Ucheniye ob 
osadochnykh porodakh. " 


: Gostoptekhizdat, 1958. 
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Chapter Three is devoted to geologic facies, 
the evolution of this concept, the different or - 
ders of facies, the relation between facies and 
formations, the migration of facies, and their 
distribution depending on the nature of a basin 
and climate. The author rightly believes that 
a geologic facies, in its broad interpretation, 
encompasses all varieties of sedimentation. 
However, such facies are usually designated 
by petrographic and paleontologic criteria, i.e., 
they express mostly a sedimentary environment 
the sediment genosis; but geochemical or more 
precisely mineralogic facies are designated 
chiefly by their diagenetic features. This inter- 
pretation of geochemical facies makes possible 
their practical application, along with conven- 
tional geologic facies. 


Chapter Four presents classifications of geo- 
chemical or mineralogic facies. The main con- 
cepts of geochemical facies, based on the analy- 
sis of parageneses for syngenetic sedimentary 
minerals, have been worked out by the author 
himself, to a considerable extent, and are of 
great importance in determining regularities 
in the distribution of various industrial sedimen- 
tary rocks. 


Considered in Chapter Five are authigenie 
minerals of sedimentary deposits, as indexes 
of the physical and chemical environment in di- 
agenesis of a sediment, in epigenesis of rocks, 
and in incipient metamorphism. The interest- 
ing material of this chapter is discussed too 
briefly; the chapter itself possibly should have 
been placed before that on geochemical facies. 

The extensive Chapter Six treats structures, 
textures, the structural features of sedimentary 
beds, and the thicknesses of sedimentary rocks, 
as well as of bedding surfaces. This chapter 
is well written. The author is justified in rec- 
ommending care in a genetic interpretation of 
various morphologic forms of cross-bedding. 
The description of various structures, such as 
cone-in-cone and suture-stylolite surfaces, as 
well as of the stages of their development, is 
original and erudite. It must be noted, however, 
that the last division of this chapter is too long. 


Chapter Seven takes up weathering, transpor - 
tation of material, and its deposition. The 
author emphasizes that mechanical and chemical 
differentiation of matter are more common as a 
simultaneous action rather than separately. 


Chapter Eight describes unconsolidated and 
cemented clastic rocks, with arenaceous rocks 
discussed in particular detail. A detailed clas- 
sification of sandstones, original with the author 
is given. This classification is unique in that it 
provides a logical differentiation for most di- 
versified arenaceous rocks likely to be encoun- 
tered in the particularly large scope of modern 
geologic exploration. Also considered is the 
relationship between terrigenous-mineralogic 
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provinces and facies, a topic usually not dis- 
cussed in lithologic literature. 


The chapter on argillaceous rocks, (Chap- 
ter Nine) is too brief. Specifically, there is 
no discussion of recomputations of chemical 
composition of clays (of their 0.001 mm. facies 
for structural formulas; only the computing 
procedure for oxides is given. This chapter 
gives a general idea of argillaceous rocks, their 
mineral and chemical composition, structure 
and texture, geochemical conditions of their 
formation, and their physical properties, along 
with the three principal types of argillaceous _ 
rocks. Many of the sections should have been ~ 
illustrated with photographs. There are no 
data on the origin of clay minerals. 


Chapter Ten (carbonate rocks) is well writ-_ 
ten and well illustrated. Of interest is the ap- 
proach, a correct one in our opinion, to the 
controversial problem of sedimentary dolemite 
in the last section. 


Chapter Eleven, onhalogens, although short, 
is well written-and raises noobjections. Espec- 
ially well presented arethe conditions of trans- 
ition from gypsum and anhydrite and vice versa. 


Chapter Twelve, on siliceous rocks, gives 
their classification as well as that for argillac- 
eous -carbonite-siliceous. rocks, both original 
with the author and for the time being the only 
ones of the kind. Principles of a rational no- 
menclature for siliceous rocks and of efficient 
laboratory methods of their study are present- 
ed. 


Chapters Thirteen and Fourteen deal with 
coal-bearing formations, the petrographic com- 
ponents of coals, their classification, stages of 
carbonization and metamorphism of coals, and 
their accumulation conditions. These chapters 
are interesting, written on the basis of newdata 
(of N. M. Karavayev and others) and with the 
idea of bringing out the relation of coals (their 
types and degree of metamorphism) to oil shale 
and petroleum. The problem of a cyclic struc- 
ture of most coal measures and of the lack of 
such structure in a number of instances is very 
objectively treated. 


Chapter Fifteen, on natural gases and gas 
generating rocks, is short, carries general in- 
formation, and ends in a discussion of gas and 
oil and gas provinces, basins, and zones, con- 
sidered by geologic system. This chapter coul 
have been quite harmlessly eliminated. 


Oil source formations (Chapter Sixteen) are 
considered historically, then in the light of the 
results of a number of new studies of oil-pro- 
ducing rocks. Discussed are dispersion bitu- 
minous formations and the depth of subsidence 
necessary for the formation of industrial oil ac: 
cumulations. The main problems in the study 


| 
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/oil producing rocks are set forth. This chap - 
¢ is written on a high scientific level and 
€ns up new fields of study. 


Chapter Seventeen describes the reservoir 
cks, oil, natural gas, and water. Quite cor- 
tly, great importance is attributed to the 
aluation of reservoir properties, their perme - 
ility, and especially the structure of pore 
ace as well as the relationship between perme- 
ility and pore space structure. It should be 
ted, however, that fracture reservoirs are 
tlined too briefly. 


' Phosphate, bauxite, ferruginous and manga- 
‘se sedimentary rocks are described in Chap- 
t Eighteen. A classification of phosphates is 
ven by their impurities and by mineral com- 
sition. The author agrees with the basic pre- 
ises of A.V. Kazakov's theory of a chemical 
igin of phosphates. In his opinion, N.S. Shat- 
iy's conclusions on the formation conditions 
_platform phosphates are acceptable, while 

e latter's treatment of geosynclinal phosphates 
e unequivocally "due to submarine volcanism" 
e still subject to discussion. 


_ Bauxites are described in terms of mineral 
position, structure, chemical composition 
1903SiOg ratio, ) and origin. Genesis may be 
fferent in different cases, and generally con- 
oversial. 


| 
_ The section on sedimentary iron ores is com- 


ete and raises no objections. Sedimentary 
anganese ores are discussed very briefly but 
ith consideration given to facies aspects of 
sdimentation, to geotectonic, and to some ex- 
nt to extensive-sedimentary processes. 


| 
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Deposits of sedimentary nonferrous metals 
(Chapter Nineteen)are discussed for copper and 
lead and zinc ores, with a brief description of 
their mineral composition and the formation con- 
ditions. The sedimentary origin of many copper 
ores is beyond any doubt, and a probable sedi- 
mentary origin is suggested for a number of 
lead and zinc deposits. 


The book ends with a chapter on general reg- 
ularities in the formation of sedimentary rocks 
and industrial minerals. The author rightly em- 
phasizes the major role of diagenesis of sedi- 
ments and its significance in sedimentary min- 
eralization, as well as the importance of epi- 
genesis. In sharing the latest views of L. V. Pus- 
tovalov, he rightly believes that only the deposits 
of such relatively slightly mobile elements as 
iron, aluminum, and managanese may originate 
as the result of direct sedimentary chemical dif- 
ferentiation. The remaining sedimentary ore 
deposits of nonferrous and rare minerals (cop- 
per, lead, zinc, etc.) originate at an epigenetic 
stage, in the circulation of ground water through 
already-formed rocks, specifically in traps of 
some sort. 


It should be noted that the text contains many 
errata and obscurities, omitted for some reas- 
on from the list of corrections. Some of the 
microphotographs are poorly printed. This, 
however, is the publishing house's fault. 


On the whole, G.I. Teodorovich's Theory of 
Sedimentary Rocks is a valuable contribution to 
domestic scientific literature. It will play a 
useful part in the training of a corps of litholo- 
gists and it will be of great help to practical 
workers in various branches of geology. 
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conference on the development of a unified 
stratigraphic scheme for Siberia. Zubakov, 
V.A. andI.I. Krasnov, Principles of 
stratigraphic subdivision of the Quaternary 
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danova, V.I., The chromatographic dis- 
tinction between titanium and niobium and 
tantalum and their separation. Churikov, 
V.C., Some features of the chemical com- 
position of wolframites. Lebedev, L.M., 
The mineralogy of the lokun'sh lead-zinc 
deposit. Smol'yaninova, N.N. and V.A., 
Moleva, The discovery of bavenite in 

the skarns of the Batystau deposit (Cen- 
tral Kazakhstan). Mozgova, N.N., Hypo- 
gene alterations of the hedenbergite in the 
skarn-polymetallic deposit of the Upper 
Mine (Tetyukhe). Yermilova, L.P. and 
V.M. Senderova, Strontianite from the 
Western Karaoba deposit in Central Ka- 
zakhstan. Tsigikalova, T.N., Aikinite 
from the Akchagyl deposit. Pertsev, N.N., 
and I.B. Nikitina, Fluoborite from South- 
ern Yakutia. Lukanina, M.I., The min- 
eral composition of the ores in the Sokolov 
and Odinsk deposits of the Kamen district 
(Middle Urals). Zheru, M.I., A method 
of field identification of calcite and dolo- 
mite in the Slyudyanka Archean marbles. 
Strelyanov, N.P., A method of rapid 
approzimate quantitative determination 

of the minerals in heavy concentrates. 
Pertsev, N.N., The wollastonite-bearing 
and silicate-carbonate rocks of the Dzhel- 
tula series of the Archean system in the 
Aldan shield. Dmitriyev, Yu. I., The 
metasomatic carbonate rocks of Mt. 
Chavida. Yefremova, S.V., The xeno- 
liths in the granites of the Eastern 
Kounrad intrusives (Central Kazakhstan). 
Khryanin, L.P., A diabase-monzonite 
from the Uchama River area. Levin, 
V.N. and V.B. Meshcheryakova, Vol- 
canic chimneys and their spatial posi- 
tion within the Kurama Range. Pavlov, 
V.A., On the relationship between the 
joint tectonics of certain intrusives of 
Central Kazakhstan and the tectonics 

of the surrounding rocks. Omel'yanenko, 
B.I. and N.A. Sirotinin, Accessory 
minerals in the alkaline rocks in the 
area of the upper reaches of the Khodzha- 
Achkan River. 


BIBLIOGRAPHY 


Materialy iv Vsesoyuznoy konferentsii po 
selevym potokam. Alma-Ata, 1959. 231 s. 


[Materials of the Fourth All-Union Con- 


ference on Eroding Flood Waters]: Alma- 
Ata. 1959 231 pp. Partial contents: Yer- 


makov, A.V., An experimental geomor- 
phological investigation of flood basins 

(on the example of the river basins in the 
Main Caucasus in the area of the Georgian 
military highway). Kolotilin, N.F., The 
geological conditions of formation of some 
locally occurring floods from the example 
of the floodstream of the Lesser Almatinka 
River valley on August 7, 1956). 


Mineralogicheskiy sbornik L'vovskogo 
eologicheskogo obshchestva pri universi- 
tete, no. 13. L'vov, 1959. 475s. [Col- 
lection of Articles on Mineralogy of the 
Geological Society of the University of 
L'vov]: No. 13, L'vov, 1959, 475 pp. 
Contents: Lazarenko, Ye K., and Ye.P. 
Slivko, Recent developments in the miner - 
alogy of the western areas in the Ukrainian 
SSR. Belov, N.V.Kh., Notes on structural 
mineralogy. Bokiy, G.B. and T.S. Khod- 
ashova, The crystallochemistry of indium. 
Gurzhiy, D.V. and L.G. Tkachuk, On the 
step-like (imbricated) form of garnets. 
Shafranovskiy, I.I., The crystallomorphic 
description of microcrystalline minerals. 
Povarennykh, A.S., Calculation of the 
hardness of minerals according to the Mohs 


Scale on the basis of crystallochemical data. 


Zolotukhin, V.V., and V.P. Kostyuk, On 
the graphic depiction of the relationship 
between the angle of the optical axes and 
the birefringence of one of the principal 
sections in plagioclase. Grum-Grzhi- 
maylo, S.V., The coloration of the nickel 
minerals in the weathering crust. Sobolev, 
V.S., The phase relationships in the ne- 
pheline—calcinite—anorthite—silica sys- 
tem. Slivko, M.M., On manganiferous 
tourmalines. Laz'ko, Ye.M., On the 
occurrences of recrystallization in the 
formation of quartz crystal veins. Naliv- 
kina, E.B., The metasomatic zonality and 
the genesis of the sapphirine-containing 
rocks of the Bug River region. Ivanov, 
M.V., The role of sulfate-reducing bac- 
teria in the formation of the hydrogen 
sulfide in the ground waters of the Upper 
Tortonian deposits. Shashkina, V.P., 
The mineralogy of the weathering crust 

of the basalts in Western Volhynia. Bold- 
yreva, T.A. andYe.P. Slivko, Mineral 
inclusions in the coals of the L'vov- 
Volhynian Basin. Sidorenko, Ye.F., The 
mineralogy of the clays along the Odessa 
shore of the Black Sea. Lesnyak, V.F. 
and Ya.L. Giller, Wehrlite and native 
bismuth from Transcarpathia. Yeliseyev, 
E.N., Determination of the dimensions of 
the unit cells of clay minerals from X-ray 
powder patterns (debayegrams). Tsigika- 


111 


lova, T.N., Some intergrowths of bismuth 
minerals inthe Akchagyl polymetallic de- 
posit. Bur'yanova, Ye.Z., On the suc- 
cession in the formation of the minerals 

in the nepheline-syenite pegmatites of the 
Vishnev Mountains in the Urals. Butakova, 
Y.L., The role of metasomatism in the 
formation of alkaline rocks. Vartanova, 
N.S. and R. Ya. Epshteyn, Clinozoisite 
from the metasomatic rocks near Kamenka 
in the Dnepropetrovsk region. Shevchenko, 
Ye.V., The amphiboles of the Krivoy Rog 
metamorphic series. Gnativ, G.M., The 
mineralogy of the hybridized quartz dio- 
rites in the vicinity of Golychevka in 
Western Volhynia. Ushakova, Ye.N., 
Some aqueous silicates from Zaval'ye 

in the Middle Urals. Bobrovnik, D.P., 
Siderite formations in the coal measures 
of the L'vov-Volhynian coal basin. Gabi- 
net, M.P., The dolomites and siderites 

of the melinite series in the Soviet Car- 
pathians. Proshchenko, Ye.G., A natural 
tetravalent magnesium sulfate. Lazarenko, 
Ye.K. and B.I. Srebrodol'skiy, The mor - 
phology of the native sulfur in the Dnestr 
River region. Koltun, L.I., Syngenetic 
solid inclusions in rock crystal. Sobolev, 
N.V., A garnet from the Kolmozero 
pegmatites. Lavrenko, Ye.I., and Ye. 

M. Laz'ko, Three chlorites from quartz- 
crystal veins. Mel'nik, Yu.M., Corren- 
site (vermiculite-chlorite) from the gabbro 
diabases of Volhynia. Zvyagin, B.B., and 
V.A. Frank-Kamenetskiy, on the subject 
of beidellite. Rupin, M.B., Barite from 
the sedimentary rocks of the Eastern 
Carpathians. Srebrodol'skiy, B.I., Jaro- 
site from the vicinity of Sinyak in Trans- 
carpathia. Litvinenko, A.U. and N.Z. 
Khmarskiy, A 8-kerchenite from the 
Quaternary alluvial deposits of the Dnepr 
River in the vicinity of Dneprodzerzhinsk. 
Lazarenko, E., New mineralogical dis- 
coveries in the metasomatic rocks of the 
Vygorlat-Guta volcanic ridge (Transcar - 
pathia). Professor D.P. Grigor'yev: 
Anniversary. The fiftieth anniversary of 
the birth of Professor G.B. Bokiy, Cor- 
responding Member of the Academy of 
Sciences of the USSR. The seventy-fifth 
anniversary of the birth of A.N. Savarit- 
skiy. Petrov, V.P., Mineralogical crys- 
tallography. Maksimenko, F.F., The 
literature on the mineralogy of the Ukraine 
in 1958. In memoriam: St.I. Tugutt, 
Slivko, M.M., The Fedorov conference on 
crystallography. Rus'ko, Yu.A., The 
spring meeting of the Clay Minerals Group 
of the Mineralogical Society of Great 
Britain. Rus'ko, Yu.A., The meeting of 
the X-ray Analysis Group of the Institute 
of Physics of Great Britain. 


8. Nauchnyye trudy Moskovskogo gornogo 


“Gnstituta, sb. no. 28, M., 1959. 146 s. 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


[Scientific Papers of the Moscow Institute 
of Mining]: Sb. No. 28, Moscow, 1959, 
146 pp. Contents: A.A. Gapeyev, Obitu- 
ary. Troyanskiy, S.V., The trends in 
scientific research work in geology in the 
Moscow Mining Academy and the Mining 
Institute. Dorokhin, I. V., On the types 
and distribution of coal deposits with 

thick seams in the USSR. Platonov, N.Kh., 
Some features of the formation and com- 
position of the combustible shales of the 
Russian platform. Panyukov, P.N., The 
rock massif—the basic object of studies 

in engineering geology. Peresun'ko, D.I., 
The hydrogeology of the sulfur deposits of 
Central Asia. 


9. Soveshchaniye po geologicheskomu stroye- 


niyu i mineral'nym resursam Sibirskoy 
platformy, vyp. 1. Alma-Ata, 1959, 72s. 
[The Conference on the Geologic Structure 
and the Mineral Resources of the Siberian 
Platform]: Vyp. 1, Alma-Ata, 1959, 72 
pp. Contents: Odintsov, M.M., The 

chief epochs of formation of economic 
minerals in the development of the Siber - 
ian platform. Dzevanovskiy, Yu.K., The 
Precambrian complexes of the Aldan 

shield and the Stanovoy Range. Lavrov, 
M.M., The Siberian platform and the 
problem of the Sinian system. Trufanova, 
A.P., The stratigraphy of the Ordovician 
system in the Irkutsk amphitheater. Char- 
ushin, G.V., The regional systems of 
tectonic faults in the Siberian platform. 
Kurtserayte, Sh.D., The diamond content 
of the southwestern part of the Siberian 
platform. Sayntsev, F.M., Some special 
features of the magnetite mineralization 

in the western part of the Siberian platform. 
Bogatskiy, V.V., The titanium metallogeny 
in the igneous rock complexes of the west- 
ern part of the Siberian platform. Kitaynik, 
A.F. and V.S, Tkalich, The titanium in 
the Mesozoic and Cenozoic deposits and 
traprocks of the margin of the Siberian 
platform. Dolgov, F.G., The occurrence 
of placers of titanium minerals in the 
Irkutsk region. Dolgov, F.G. and Z.N. 
Lobeyeva, The titanium content of the 
Jurassic sandstones in the southern part 

of the Siberian platform. Bessolitsyn, 
Ye.P., An experiment in preparing prog- 
nostic maps for bauxites in the Irkutsk 
coal basin. Tkachuk, V.G. and Ye.V. 
Pinneker, The hydrogeological regionaliza - 
tion of the Siberian platform. Ivanov, A. 
A., The Lower Cambrian halogenic for - 
mations of the Siberian platform. Strugov, 
A.S., The stratigraphy of the Mesozoic 
coal measures in the southwestern part 

of the Vilyuy syneclise. Lyuber, A.A., 
New data on the origin of certain coals of 
the Tungusska Basin. Lushikhin, G.M., 
The petrography of the coals in the basin 
of the middle reaches of the Lower Tungus- 


112 


ska River. Nikol'’skiy, V.M., The condi- 
tions of formation of the coal measures in 
the southwestern part of the Tungusska 
Basin. Bochkovskiy, F.A. and G.M. 
Lushchikhin, A prognostic evaluation of 
the prospects for discovering coking 
coals in the Tungusska coal basin. Ivan- 
ov, N.V., The conditions of formation 

of the Mesozoic coal-bearing deposits of 
the Lower Aldan area of the Leninsk 
Basin. 


10. Tektonika SSSR, t. 4., M., 1959, 462s. 


[The Tectonics of the USSR]: T. 4, 
Moscow, 1959, 462 pp. Contents: 
Offman, P. Ye., The tectonics and vol- 
canic pipes of the central part of the 
Siberian platform. Chumakov, N.M., 
The stratigraphy and tectonics of the 
southwestern part of the Vilyuy River 
valley. 


Trudy VNIGNI, vyp. 13. M., 1959, 319s. 


[Publications of the All-Union Scientific 
Research Institute of Oil Geology]: Vyp. 
13, Moscow, 1959, 319 pp. Contents: 
Veselovskaya, M.M., D.N. Utekhin and 
S.M. Sukhanova, The Proterozoic forma- 
tions of the Russian platform, on the 
basis of data from deep drilling. Veselov 
skaya, M.M., Ancient weathering crusts 
on the Russian platform, as determined 
by deep drilling. Larionova, Ye.N. and 
V.N. Tikhomirova, The Bavla deposits 
of the Perm region and the Udmurt ASSR. 
Filippova, M.F. and S.M. Aronova, The 
lithology and conditions of formation of 
the Devonian deposits in the Ul' yanov 
area of the Volga region. Filippova, M. 
F., Z.A. Chernyshevskaya and G.V. 
Dement'yeva, The stratigraphy and paleo- 
geography of the carbonate deposits of 

the Upper Devonian in the Tatar ASSR 

and the adjoining territories. Shabayeva, 
Ye. A. and L.1I. Gorbunova, The petro- 
graphy and mineralogy of the Devonian 
and Carboniferous clays of the Saratov 
area of the Volga region. Aprodova, 
A.A., The carbonaceous deposits of the 
Perm area on the Kama River Safonova, 
T.P., and K.S. Shershnev, On the strati- 
graphy and paleogeography of the Lower 
Carboniferous deposits of the Perm area 
on the Kama River. Makarova, T.V. and 
N.A. Gornshteyn, The Permian deposits | 
in the Buzuluk test well (on the south- 
eastern slopes of the Russian platform). 
Rozanov, L.N., Main features of the 
tectonic structure of the platform part of 
Bashkiria. Abrikosov, I.Kh. and P.A. 
Sofronitskiy, The geologic structure and 
oil content of the Upper and Middle Kama | 
River areas. Nechitaylo, S.K., The geo- 
logic structure of the northern part of the 
Alatyr-Gor'kov zone of uplift. Getsen, 
V.B., The bituminological properties of 


BIBLIOGRAPHY 


the rocks in the Perm area of the Kama 
River territory, as determined by lumines- 
cence-bituminological studies. -P'yankov, 
N.A., The laws characterizing the changes 
in the gas saturation and other properties 
of the stratal oils in the Kama region. 
Baldina, A.L. and Sverdlov, Ya.G., The 
calcium-chloride waters of the Perm area 
in the Kama region. Zaydel'son, M.I., 
The hydrogeology of the Lower Carbonif- 
erous terrigenous strata in the region of 
the Middle Volga River. 


Trudy geograficheskogo obshchestva 


Gruzinskoy SSR, t. 4, Tbilisi, 1959, 226 
s [Papers of the Geographical Society of 
the Georgian SSR]: T. 4, Tbilisi, 1959, 
226 pp. Partial contents: Dzhavakhishvili, 
A.N., The principles of geomorphological 
characterization of mountainous localities 
and the methods of geomorphological map- 
ping. Nemainishvili, S.N., Some geo- 
morphological peculiarities of the Dumal 
and Mechkhetur River basins. Kipiani, 
Sh. Ya., Geomorphologic features of the 
karst areas of the Upper Imeret highland. 
Tintilozov, Z.K., Earth slides and rock 
falls in the Kviril River basin. Apkhazava, 
I.S., The present glaciers and the traces 
of ancient glaciation in the Aragvi River 
basin. Lezhava, V.M., Floods in the 
basin of the Lapiani-Khevi River (a left 
tributary of the lori River). Tsereteli, 
D.V., Some problems of the geomor - 
phology and geology of the Lenin peak (in 
the Pamirs). Vladimirov, L.A., The 
karst waters of Georgia and their effect 
on the river drainage. 


Vyp. 29, Moscow, 1959, 183 pp. Contents: 
Lebedey, A.P., Differentiation in the trap- 
rock intrusives of the Vilyuy Mountains. 
Gon'shakova, V.I., The problem of the 
relationship of the magnetite mineraliza- 
tion to the tectoni’ structures and igneous 
activity of the southeastern part of the 
Siberian platform. Khryanina, L.P., The 
alkaline differentiates of the traprock 
magma in the Bakhta River basin (Siberian 
platform). Ginzburg, I. V., Contact 
reactions between rare-metal-lithium 
pegmatites and basic rocks, 


15. Trudy Laboratorii geologii uglya, Akad- 


emiya Nauk SSSR, vyp..9. M. —L. 1959 
343 s. [Papers of the Laboratory of Coal 
Geology of the Academy of Sciences of 

the USSR]: Vyp. 9, Moscow-Leningrad, 
1959, 343 pp. Contents: Zaspelova, V.S., 
L.P. Monakhova and L.S. Bushmina, 

The biostratigraphy of the coal measures 
in the Karaganda basin. Monakhova, L. 
P., Viséan brachiopods from the lower 
part of the coal measures of Central 
Kazakhstan. Vostokova, V.A., Lower 
Carboniferous gastropods from the coal 
measures of the Karaganda Basin and the 
Zav' yalov deposit. Aleksandri-Sadova, T. 
A., The age of the lower formations in 
Karaganda on the basis of the lamellibran- 
chiate pelecypod marine fauna. Bushmina, 
L.S., Carboniferous ostracodes from the 
coal measures of Central Kazakhstan. 
Sergeyev, V.V., Fresh-water lamelli- 
branchiate molluscs of the Samara coal 
deposit. Zaspelova, V.S., Dimyarian 
phyllopod crustaceans from the top of 

the Carboniferous coal measures in Cen- 


3. Trudy instituta geologii i poleznykh iskopa- tral Kazakhstan. 


yemykh. Akademiya Nauk LatvSSR, t. 3. 
Riga, 1959. 256 s. [Papers of the Institute 


16. Trudy Novocherkasskogo politekhicheskogo 


of Geology and Economic Minerals of the 
Academy of Sciences of the Latvian SSSR]: 
T. 3, Riga, 1959, 256 pp. Partial con- 
tents: Liyepin'’sh, P.P., The Devonian 
deposits of the Daugav River valley. 
Klyavinya, A. Ya., Economic minerals 

of theDaugav River valley within the Lat- 
vian SSR. Grinberg, E.F. and V.G. Ul'st, 


instituta, t. 75. Novocherkassk, 1959. 

93 s. [Papers of the Novocherkassk Poly- 
technical Institute]: T. 75, Novocherkassk, 
1959, 93 pp. Contents: Posokhoy, Ye.V., 
On the formation of the chemical composi- 
tion of the ground waters of Central Kaza- 
khstan. Goncharov, P.D., The ground 
waters of the Mesozoic and Cenozoic de- 


posits in the Don-Donets Basin. Gordeyev, 
P.V., On the formation of lenses of fresh 
and brackish ground waters in the Black 
Lands. Gordeyev, P.V., Results of an 
analysis of the data recorded at the 
lysimetric station at Chernozemel'sk 
(Naryn-Khuduk), during the observation 
period from October 1, 1955 to December 
B55 1.9 561 


Main stages in the development of the area 
of theDaugay River mouth in late glacial 
and post-glacial times. Skuodis, V.P., 
An ancient buried valley in the area of the 
Lautse River's discharge into the Daugav 
River. Varfolomeyeva, O.M., Karst 
phenomena in the valleys of the Daugav 
and Lautse Rivers. 


}. Trudy instituta geologii rudnykh mestoro- 
zhdeniy, petrofrafii, mineralogii i geo- 
khimii. Akademiya Nauk SSSR, vyp. 29. 
M., 1959. 183 s [Papers of the-Institute 
of the Geology of Ore Deposits, Petro- 
graphy, Mineralogy and Geochemistry of 
_ the Academy of Sciences of the USSR]: 


17. Trudy Sibirskogo nauchno-issledovatel' skogo 
instituta geologii, geofiziki i mineral’ nogo 
syr'ya M-va geol. i okhrany nedr SSSR, 
vyp. 5. M., 1959, 128 s. [Papers of the 
Siberian Scientific Research Institute of 
Geology, Geophysics and Mineral Raw 


113 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


Materials of the Ministry of Geology and 


Conservation of Mineral Resources of the 
USSR]: Vyp. 5, Moscow, 1959, 128 pp. 
Contents: Vinkman, M.K., The strati- 
graphy of the Properozoic, Sinian and 
Cambrian deposits of the Gornyy Altay. 
Sennikov, V.M., et al., The Cambro- 
Ordovician and Ordovician deposits of the 
Gornyy Altay. Gintsinger, A.B., Ma- 
terials on the stratigraphy of the Silurian 
and Devonian deposits of the Gornyy 
Altay. Vasil'kovskiy, N.P., On the theory 
of the earth's crust. 


18. Trudy Ukrainskogo nauchno-issledovatel' - 


skogo geologorazvedochnogo instituta (Ukr. 
NIGRI), vyp. 2M., 1959. 225 s [Papers 
of the Ukrainian Institute of Geological 
Prospecting (UkrNIGRJ)|: Vyp. 2, Moscow, 
1959, 225 pp. Contents: Maksimov, A.V., 
On the stratigraphy of the Stryy deposits 
in the Eastern Carpathians. Dolenko, G. 
N., Problems in the geologic history of the 
Western Carpathians. Kul'chitskiy, Ya. 
O., On the Krasnoputnyy "crag" of Juras- 
sic limestones in the Bukovina Carpathians. 
Novosiletskiy, R.M., The problem of the 
structure of the Borislav underthrust. 
Baranov, I.G. and Yu.A. Arsiriy, Some 
special features of the salt tectonics of 
the Dnepr-Donets Basin. Baranov, I.G., 
A.A. Martynov and N.A. Samborskiy, 

On the correlation of the Devonian deposits 
in the eastern part of the Dnepr-Donets 
Basin. Martynov, A.A., The Early Paleo- 
zoic deposits of the Dnepr-Donets Basin. 
Martynov, A.A. and A.P. Sen’, A strati- 
graphic scheme of the Upper Permian 

and Triassic mottled deposits in the 
southeastern part of the Dnepr-Donets 
Basin. Zav'yalov, V.M., The prospects 
for oil and gas in the northern part of 

the Sea of Azov. Chernyak, N.I., The 
history of the Black Sea basin. Romanyuk, 
A.F., The hydrogeologic conditions of 

the gas deposits in Ciscarpathia. Zhil- 
ovskiy, N.I., On the nature of the saline 
springs in the southeastern part of the 
Eastern Carpathians. Temnyuk, F.P., 
The stratigraphy of the Cretaceous and 
Tertiary deposits in the northwestern 

part of the Eastern Carpathians. Yur- 
chakevich, Ya.M., Some geochemical 
properties of the rocks exposed by test 
wells in the Dnepr-Donets Basin. Tima- 
sheva, E. Ye., The use of spectrum anal- 
yses in the correlation of the sedimentary 
deposits of Ciscarpathia. Zemlyanskiy, 
N.I, and G.M. Dontsova, The properties 
of the aromatic hydrocarbons in certain 
oils of Dolina and Bitkov. Khizhnyakov, 
A.V. and V.M. Yurchakevich, The results 
of a study of bitumen occurrences in the 
Middle Paleozoic deposits of the south- 
western end of the Russian platform. 
Yatsenko, Ye. F. and L.B. Lebedeva, 


114 


An experiment in using the gas-exchange 
method to determine the organic hydro- 
carbons in sedimentary rocks. Sklyar, 
V.T., An experiment in the use of high- 
capacity extractors to remove the hydro- 
carbons from sedimentary rocks. Lukin, 
A.Ya., The facies of the Miocene deposit 
in the outer zone of the Ciscarpathian 
basin. Romanyuk, A.F., The ground 
waters of the Bitkov oil deposit. 


Trudy Tsentral'nogo nauchno-issledovatel’ 
See E ee 
TSNIGRI", vyp. 32. M., 1959. 131s. 
[Publications of the Central Scientific 
Research Institute of Mining Exploration 
'TSNIGRI"]: Vyp. 32, Moscow, 1959, 
131 pp. Partial contents: Kazakevich, 
Yu.P., et al., The laws governing the 
localization of the gold-ore mineralizatio 
of the Lena district in relation to its geo- 
logic structure. Kazarinov, A.I., The 
geology and gold mineralization of the 
Kuranakh area in the Central Aldan. 
Fogel'man, N.A., S.G. Mirchink, A.K. 
Kondratenko and A.A. Saprykin, The 
geologic structure and the gold content 
of the southern part of the Shilka-Nercha 
interfluve (Eastern Transbaykal). Bern- 
shteyn, P.S., N.K. Kurbanov and T. Yu. 
Piotrovskaya, The mercury deposits of 
the Vyshkov area of Transcarpathia, 
their ore prospects and the geologic pre- 
requisites for locating concealed deposits 
Volarovich, G.P., Ye.A. Ponomareva ani 
Yu.M. Mikhaylov, Geologic and geophysi 
cal operations in the Tumna gold-ore de- 
posit. Shmidt, A.I., The geologic struc: 
ture and some problems of the genesis 
of the Southern Kurosan deposit. Andria- 
nov, V.V., An account of the work of the 
Lena Combined Expedition of 1957. Vasi 
chenko, S.F., L.I. Stekunova and S.V. 
Yablokova, The main features of the geo« 
logic position of the Kuranakh ore field 
and the development of geophysical ex - 
ploration methods for discovering and 
tracing ore bodies. Fel'dman, A.A, 
and 1I.V. Krut', Geophysical and geo- 
chemical investigations in the area of the 
Aktash mercury deposit (the Gornyy 
Altay). Pozhidayev, A.A., The results 
of geophysical operations in the Middle 
Urals in studying the geologic structure 
and locating gold-pyrite ore bodies in th 
zone of the Greenstone rocks. Kudryav- 
tseva, I.A., R. Ya. Frolova and A.A. 
Storozhenko, Geophysical operations in | 
the area of the October alkaline massif | 
in 1957. Kuznetsova, L.N., A study 
of the flotational properties of the oxidi 
minerals of rare elements. Rossovskiy 
S.N. et al., A atudy of the zirconium- 
niobium ores of the Kalinin-Shevchenko 
deposit. Dubinskiy, S.A., andG.F. | 
Shvetsov, The replacement of the X-ray 


| 


BIBLIOGRAPHY 


by the radiation from radioactive isotopes 
in X-ray-luminescence instruments. Dub 
inskiy, S.A, and N.P. Kuz'mina, An in- 
vestigation of the spectra for studying 
activized minerals for the purpose of 
radioactivity logging. Nedler, V.V., A 
testing and selection of methods of spec- 
trum identification of rare and dispersed 
elements in ores, to replace chemical 
analysis to the greatest possible degree 
in calculating the amounts of reserves. 
Fer'yanchich, F.A., The elaboration of 
methods of quantitative microchemical 
determination of the main and accessory 
elements of precious minerals in heavy 
concentrates (zirconium, gold, tantalum 
niobates), 


0. Uchenyye zapiski Azerbadzhanskogo 


universiteta, ser. geol. -geogr., no. 3. 
Baku, 1959. 138 s. [Scientific Notes of 
the University of Azerbaydzhan, Geologi- 
cal-Geographic Series]: No. 3, Baku, 
1959, 183 pp. Partial contents: Mekhti- 
yev, Sh. F., Some laws characterizing 
the distribution of iodine and bromine in 
the ground waters of the various strati- 
graphic elements of the Caucasus. Sul- 
tanov, K.M., The stratigraphic sub- 
division and the extent of distribution of 
the Apsheron deposits in Northeastern 
Azerbaydzhan. Shikhalibeyli, E.Sh., 
G.P. Kornev and A.A. Bayramov, A 
Tertiary intrusive formation in the south- 
eastern part of the Lesser Caucasus. 
Khalilov, D.M., The Upper Cretaceous 
and Paleogene deposits at the village of 
Zeid in the Konakhkend area of Azerbay- 
dzhan. Mamedyaroyv, M.G., The alluvial 
deposits and petrography of the Terter 
River basin. Selimkhanov, N.M., The 


115 


genetic types and morphology of the ores 
in the Akhindzha-Chay interfluve (Azer - 
baydzhan SSR). Shakhsuvaroyv, T.S., On 
the role of the deltaic factor in the forma- 
tion of the oil-producing strata of Azer - 
baydzhan. Keremov, N.K., The karst 
caves in the Terter-Chay River basin of 
the Azerbaydzhan SSR. Sadigov, A.M. 
The geologic history of the Surakhan and 
Bibieybat structures. in the lower member 
of the oil-producing stratum. Aliyev, 
A.G. and Akayeva, V.P., The facies and 
the conditions of formation of the Apsheron 
deposits in Northern Azerbaydzhan. Gusey- 
nov, F.G., The petrography of the Middle 
Jurassic volcanogenic and volcanogenic- 
sedimentary rocks of the Dashkesan dis- 
trict. 


Uchenyye zapiski Latviyskogo universiteta, 
t. 21. Riga, 1959. 158s. [Scientific Notes 
of the University ofLatvia]: T. 21, Riga, 
1959, 158 pp. Partial contents: Glazov- 
skaya, M.A., Topographic-geochemical 
maps as base maps for the geochemical 
location of economic minerals. Yaun- 
putnin’, A.I., An attempt at a geomorpho- 
logical regionalization of the Latvian SSR 
and its significance in topographic region- 
alization. Lazdan, A. Ya., The use of 
geomorphological mapping data for dis- 
tinguishing physical-geographic topo- 
graphies. Biske, G.S., K.O. Karts and 
O.N. Kazakova, An attempt atan analysis 
ofthe interrelationships between the tec- 
tonics, the relief and the types of natural 
landmarks in Karelia. Chazov, B.A. and 
A.M. Kropayev, Some geochemical fea- 
tures of the natural topographies of the 
Perm region. 


CHRONICLE 


FOURTH SESSION OF THE INTERNATIONAL 
ASSOCIATION FOR GEOLOGIC STUDY OF 
DEEP ZONES OF THE EARTH'S CRUST! 


by 
Ye. V. Pavlovskiy and N. A. Shtreys 


The Fourth Session of the International 
Association for Geologic Study of Deep Zones 
of the Earth's Crust was held in September 1959, 
in the German Federal Republic. 


It was attended by geologists from 12 coun- 
tries: Belgium (including the Belgian Congo), 
German Democratic Republic, German Federal 
Republic, the Netherlands, Denmark, Spain, 
Norway, the Soviet Union, Czechoslovakia, 
Switzerland, Finland, and France. 


The total number of registered participants 
was 50. Local German geologists participated 
in individual field trips and meetings, bringing 
the total attendance on some days up to 80 or 
100. 


The Soviet delegation was represented by 
Academicians D. S. Korzhinskiy (leader), A.A, 
Polkanoy, V.S. Sobolev, and A.L. Yanshin, 
Corresponding Member L.V. Pustovalov, Doc- 
tors of Geologic and Mineralogic Sciences Ye. 
V. Pavlovskiy, L.N. Formozova, and N.A. 
Schtreis; Candidate of Geologic and Mineralogic 
Sciences, Yu. V. Nikitin, and Z.N. Korzhin- 
skaya, 


Unanimously elected were P. Eskola (Finland) 
as Honorary President of the Fourth Session; 
Professor J. Jung (France), President of the 
Vosges Session with Prof. J. Eller (France) as 
Vice President; Prof. E, Wegmann (Switzerland) 
President of the Schwartzwald Session, with 
Prof. W. Nieuwenkamp (Netherlands) as Vice 
President; and Academician D.S. Korzhinskiy) 
President of the Odenwald Session, with V.S. 
Sobolev as Vice President. 


14-ya sessiya mezhdunardnoy assotsiatsii po 
geologicheskomu izucheniyu glubinnykh zon zemnoy 
kory. 
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Soviet scientists participated in two previous 
sessions of the Association, in France and Scot- 
land (see Izvestiya AN S.S.S.R., Ser. Geol., 
nos. 1, 6, 7, 1958 and no, 2, 1959). 


The organizer of the session and its actual 
leader, as before, was General Secretary of 
the Association, Prof. P. Michot (Liége, Bel- 
gium). Considerable organizational help was 
provided by W. Wimmenauer, a Lecturer at 
Freiburg University. 


The problem before this session was a study 
of the composition and geologic structure of the 
lower structural stage of the Hercinian folded 
zone of Western Europe, i.e., the basement 
rocks of most of Schwartzwald and Odenwald. 
One of the field trips was to Kaiserstuhl, lo- 
cated in the Upper Rhine graben and formed by 
Tertiary alkalic extrusives. 


Leaders on field trips were German scien- 
tists: W. Wimmenauer for the Kaiserstuhl 
area; Professors K. Menhert and W. Tréger 
for Schwartzwald; and G, Trochim for Oden- 
wald. 


Kaiserstuhlis a small group of knobs in the 
middle part of a flat plain, typical of graben re- 
lief. This area has been studied by French and 
German geologists and petrographers for over 
170 years. A considerable portion of the Kaiser : 
stuhl area is covered by assorted Quaternary 
deposits, alluvium and loess (Riss, Wltirm, post~ 
glacial alluvium), with a Miocene (according to 
J. Sdllner) massifofessexite-theralite rocks pro- 
truding from under them in places of greatest 
relief. This massif represents a volcanic cente: 
of tephryite lava and agglomerate. This rock 
complex is cut by stocks and veins of a phonolite: 
composition, originating as a result of the sec- | 
ond volcanic phase. Of interest are new data | 
of W. Wimmenauer indicating the participation | 
of carbonate rocks in the composition of Ter- 
tiary extrusives. 


Tertiary intrusions and flows of alkalic lavas 
are associated with a small zone of uplifts in the 
basement of the Upper Rhine graben. In plan, 
this zone is oval, trending from southwest to 
northeast. Participating in the Kaiserstuhl 
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structure, along with Cenozoic volcanic forma- 
tions, are Lower Oligocene and Dogger sedi- 
ments. The structure of the uplifted-block re- 
mains obscure (horst?, anticline?); equally 
obscure is the role of faults which twice served 
as vents for magma, in Miocene time. 


The one-day field trip to Kaiserstuhl afforded 
a chance to get acquainted with that extremely 
interesting segment of the southern part of the 
Upper Rhine graben. 


Schwartzwald. As described by H. Cloos, 
the Upper Rhine grabben is a meridional cut in 
the immense domal uplift whose west limb is 
formed by the Vosges and the east limb by 
Schwartzwald and Odenwald. 


The Schwartzwald mountain massif is de- 
fined by the Rhine graben in the west; by the 
upper Rhine valley in the south; by the upper 
Neckar valley in the east; and by a slightly 
hilly plain in the north, with the considerably 
lower Odenwald massif lying still farther north. 
Mt. Feldberg, elevation 1493 m above sea 
level, is the highest peak in Schwartzwald. 


The central part of Schwartzwald, adjoining 
the Rhine graben, is formed by metamorphic 
schist, para- and ortho-gneiss, and anatektites, 
but by veins and small stocks of granite and 
granite porphyry. This schist and gneiss forms 
the lower structural stage of Schwartzwald and 
are late Cambrian in age, according to German 
geologists. The stratigraphy and tectonic struc- 
ture of the metamorphic schist and paragneiss 
are not known, except that these rocks are 
gathered into complex faults generally trending 
north-northeast. 


Detailed mineralogic and petrographic studies 
have revealed that schists and paragneisses of 
south Schwartzwald were formed by metamorph- 
ism chiefly of graywacke, arkosic sandstone, 
and to a smaller extent of mar] and extrusive 
and pyroclastic formations. Those primary 
sedimentary and volcanic deposits carry small 
bodies of basic and ultrabasic rocks (diabase, 
gabbro, pyroxenite, and peridotite), also of a 
Precambrian age. 


Present in the lower structural stage, be- 
sides the above-mentioned rocks, are assorted 
amphogneiss, metablastite, metatektite, diatek- 
tite, and palingenites of a granitic, granodio- 
ritic, and syenite-dioritic composition, typical 
of deeper zones of the crust. 


The second zone of south Schwartzwald is the 
so-called culm zone which is a narrow belt of 
Devonian and Lower Carboniferous deposits. 

In plan, it is a gentle arc concave to the north, 
embracing the central Schwartzwald from the 
east and south. Concealed below the Rhine 
sraben, the culm zone reappears in the Vosges, 
France. 
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Findings of fossil flora and a very rare fos- 
sil fauna fixes the age of these deposits as 
Devonian and Lower Carboniferous, through the 
Visean. Older Devonian deposits, as well as 
Gotlandian and other lower Paleozoic beds, have 
not been paleontologically identified and appear 
to be missing in Schwartzwald. 


The Upper Devonian is represented by al- 
ternating fine-grained graywacke and shale 
with rare intercalations of marl. The Lower 
Carboniferous, commonly opening with con- 
glomerate, is also made up of graywacke and 
shale with rare marls and odlitic limestones. 
Culm sediments locally are accompanied by 
flows of porphyrite, quartz porphyry, tuff, and 
volcanic breccia. 


The culm zone forms the second structural 
stage in south Schwartzwald. This typical 
superimposed structure presents a system of 
narrow grabens within which strongly dis - 
located Devonian and Carboniferous deposits 
are cut by transverse and longitudinal normal 
faults producing a scaly structure of the zone. 


The Upper Devonian-Carboniferous zone is 
accompanied by early Variscan beds, linearly 
deformed conformable to the zone trend, "peri- 
pheral" granites which metamorphose the Upper 
Devonian. These granite*bodies, both hybrid 
(Machbacher) and non-hybrid, are emplaced 
between Precambrian and Devonian; locally 
they participate in the structure of individual 
scales in the graben system. Extremely in- 
teresting is the fact that in isolated places 
Devonian deposits have been metamorphosed to 
gneiss. 


The third zone of South Schwartzwald is the 
so-called granite province located east and south- 
east of the culm zone. Developed here are most- 
ly Variscan granites of several generations and 
different compositions. In addition to deformed 
Upper Devonian granites, there are undisturbed 
granites of the same age and undisturbed Lower 
and Upper Carboniferous granites accompanied 
by corresponding vein series. 


Variscan granites rest among metamorphic 
schist, amphibolite, and gneiss, presumably 
Precambrian. According to K. Choenes and 
W. Wimmenauer, diatektites and syenite- 
dioritic syntektites in their midst originated by 
the interaction of granite intrusions with these 
ancient emplacing rocks. 


The fourth zone, and the third structural 
stage of south Schwartzwald, is formed by 
Permian and Triassic deposits extending along 
the eastern slope of the massif and sharply 
transgressive and unconformable upon thesbre= 
cambrian and the granite intrusions. Assigned 
to the Permian, along with sedimentary rocks, 
are thick flows of quartz porphyry locally de- 
veloped in central Schwartzwald. These por- 
phyries are manifestations of the most recent 
Variscan igneous activity. 
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Students of Schwartzwald believe that this 
graben-like zone of Paleozoic rocks (the culm 
zone) was formed in the Early or Middle Devon- 
ian, as a result of block movements in the base- 
ment. Subsequently, the faults in this zone 
were reactivated repeatedly, with new faults 
opened during both the Late Devonian and the 
Permian and Carboniferous. 


The first folding involved Paleozoic rocks, 
as early as the close of Late Devonian, accord- 
ing to J. Scheffer. The intrusion of Variscan 
granite is also assigned to it. Then came the 
Bretonian and Sudetian or Asturian phases, with 
tectonic movements of one of the last two bring- 
ing about the scaly structure. 


Unfortunately, because of the inadequate 
knowledge of the stratigraphy and folding of 
these metamorphic formations, regularities 
in the distribution of numerous intrusions and 
in the tectonic structure of Schwartzwald re- 
main obscure. 


Odenwald, the study of which was made on 
the last two days of the field trip, consists of 
two tectonic parts. Its eastern segment, the 
so-called Bollstein Odenwald, is separated 
from the western (Bergstress Odenwald) by the 
major and old Otzberg fault. The western part 
of Odenwald is cut off by the Upper Rhine 
graben-border fault. 


Rocks forming the lower structural stage of 
the Hercinian folded zone are exposed in both 
segments of Odenwald. The oldest is para- 
schist preserved in discontinuous bands among 
granitoids and other igneous rocks. The crys- 
talline schists are diversified in composition, 
and include biotite, biotite-granite, dimica- 
ceous, feldspathic-micaceous, amphibolic, 
quartz-biotite, and graphite schists; graphic 
quartzite, kinzigite; plagioclase-cordierite and 
corundum -cordierite schists; andassorted types 
of hornfels. The age of these crystalline schists 
is undoubtedly Devonian. It is the opinion of 
German students that the age of this ancient 
sedimentary series is most probably Algonkian. 


The tectonics of these crystalline schists is 
very complicated. Among the identified trends, 
there are the "Rhine", i.e. , meridonal, regarded 
as pre-hercinian and the oldest; also the "ore- 
mountain," northeastern, typical of the Saxo- 
Thuringian zone of hercinids and assigned to the 
Lower Carboniferous. 
of fold structures are very sharply defined, which 
suggests a deep-seated remodeling in the ancient 
basement of Hercinian folding. 


Assorted igneous bodies, represented ac- 
cording to G. Klemm by granite, diorite, and 
gabbro, make up most of the Oldenwald surface. 
In plan, these igneous bodies are usually elon- 
gated in conformity with the "ore mountain" 
Hercinian trend. Recent studies have shown 
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The northeasterntrends of 


that the granites of G. Klemm belong tothe gran- 
odiorite family. Some of the granites (the so- 
called "tromm granites") should be assigned 

to the quartz mon zonite family. All of the 
Odenwald ''granites" are marked by a banded 
texture. The transition from true paragneiss 
to granites" is very gradual. 


The field trip was confined to a small area 
of West (Bergstress) Odenwald, in the vicinity 
of Lindenfelse and the mediaval Frankenstein 
castle. 


In recent years, E. Nickel has carried on a 
detailed study near the village of Knoden, in 
the vicinity of Lindenfelse. He recognizes the 
following igneous-tectonic stages (phases) of 
development of the Hercinian basement: 1) 
ancient pre-Hercinian kinetic metamorphism; 
2) plagioclase metablasticism and dioritization 
without addition of new material; 3) granitiza- 
tion, brought about by an addition of new ma- 
terial; and 4) younger kinetic metamorphism. 
Ancient, probably Algonkian, sedimentary 
rocks underwent a pre-Hercinian kinetic meta- 
morphism and changed to mica schist and dark 
biotite-plagioclase gneiss. Relicts of the first 
metamorphic-stage rocks are poor in quartz 
and-lacking in K-feldspar. 


The second metamorphic stage (plagioclase 
metablasticism) was marked by an isochemical 
process of recrystallization which led to the 
appearance of banded amphibolite and biotite- 
hornblende-plagioclase "hornfels''’. That pro- 
cess went even farther, to the appearance of 
“diorite hornfels" with a regular orientation 
of biotite plates. The final stage of dioritiza- 
tion is massive diorite with hornblende pre- 
dominant over biotite. Recently, massive dio- 
rite has been regarded by E. Nickel as the end 
product of ultra-metamorphism. 


The third stage of geologic history of the 
ancient Odenwald basement is marked by the 
process of granitization, brought about by an 
influx of alkalies and by the appearance of 
metablasts of K-feldspar and oligoclase (No. 
25-30). 


The fourth and last stage, a younger kinetic 
metamorphism is expressed in the development 
of a plane-parallel texture and in the appearance 
of dioritic gneiss and granitoid gneiss. 


A detailed (1:2000) petrographic map of the 
vicinity of Knoden, compiled by E. Nickel, is 
a good representation of the aforementioned 
brief exposition of the history of metamorphism 
of this Odenwald area. These concepts are | 
probably true, to some extent, for a larger 
part of west Odenwald. 


A large plutonic body of gabbro was seen on 
the last day of the field trip, in the vicinity of | 
the Frankenstein castle; ithad been studied in | 
detail by H. Trochim. This gabbro massif is 
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strongly differentiated and carries peridotite 
enses. 


The massifis also cut by odinite veins. Very 
liversified in composition are allogenic inclu- 
sions in the gabbro; among them are "beerbach- 
te" and "gabbroporphyrite, " erroneously as- 
signed to vein formations, by G.Klemm. Asa 
matter of fact, they are xenoliths of plagio- 
-lase-pyroxene hornfels with a granoblastic tex- 
ure. Such rocks have been observed in the 
uUter contact Zone of the gabbroid massif. Also 
resent are xeonolths of corundum-magnetite, 
sorundum -sillimanite, and sillimanite hornfels 
imphibolite biotite-plagioclase schists, and 
salcareoussilicate rocks. A map by H. Trochim 
vith isolines of anorthite content in the grabbo- 
nassif is of interest. These lines do not follow 
he massif outlines, which trend northeast, but 
eer appreciably toward the meridian, to des- 
sribe a Rhine" -trending oval. The massif ap- 
ears to extend far to the north, plunging under 
he crystalline schist. The core” of the mas- 
3if is located in the western part of the field of 
sabbro development. 


’ 


The Trochim map correlates well with a 
nap of magnetic anomalies by G. Reich (1951). 
t follows from G. Reich's data, now corrobor- 
ited by petrographic study, that intrusive proc- 
2sses are closely related to the tectonics of the 
<hine graben. Many students (H.Kloos, S. Bub- 
10ff, G. Ruger) regarded the graben as an an- 
sient weakened crustal zone, 


The Frankenstein gabbro massif is emplaced 
n ancient (Hercinian) igneous formations of 
Jdenwald. It is possible that the gabbro magma 
iscended along the fault which now limits the Up- 
yer Rhine graben in the east. 


Observations made during the Kaiserstuhle, 
schwartzwald, and Odenwald field trip can be 
summarized as follows: 


1. The field trip was very interesting and 
ruitful. Soviet geologists had an opportunity 
O get acquainted with manifestations of Ter - 
iary volcanism within the Upper Rhine graben 
ind with rocks at the base of the hercinids, 
vhich have undergone great transformations in 
he course of Hercinian orogeny. 


2. Despite the high quality of research done 
yy German geologists, only petrographic meth- 
ds have been used mostly, up to now; litholo- 
fic and stratigraphic differentiation of paleon- 


119 


gologically barren formations, assigned to the 
Upper Cambrian and locally to the Devonian, is 
rather neglected. 


3. There is a lag in detailed geologic map- 
ping of Schwartzwald and Odenwald. A modern 
geologic petrographic map was compiled and 
published in 1958 at a scale of 1:50,000, by R. 
Metz and G. Rein, for South Schwartzwald only. 
Odenwald is represented by a 30-year old map 
at a scale of 1:100,000 by H. Klemm. 


4. The present maps are petrographic maps 
rather than geologic maps. They do not ade- 
quately represent the tectonics of the areas of 
development of ancient metamorphic, sedi- 
mentary, pyroclastic, and volcanic rocks. 


5. The demonstration of natural objects was 
excellently organized. The introduction of a 
field polarization microscope, thanks to which 
each participant had a chance to observe rocks 
not only in outcrop and hand specimen but in thin 
section as well, was very useful. 


An obvious growth in interest in the activity 
of the International Association for the study of 
Deep Zones of the Earth's Crust should be 
noted. There was a marked increase in the 
attendance at the FourthSession compared with 
the preceding ones, both from the Soviet Un- 
ion and from abroad. ‘The time and place of 
the Fifth Session was discussed. It is schedul- 
ed for 1961, in the Czech Massif (there will be 
no session in 1960, because of the International 
Geological Congress at Copenhagen). Czech 
and East German geologists will organize field 
trips. 


During its entire visit to West German, the 
Soviet delegation was shown every consideration 
and high esteem. Significantly, three sessions 
of the Association were presided over by Sov- 
iet scientists. Friendly relations, initiated in 
earlier sessions, prevailed among all partici- 
pants. There were many requests from foreign 
scientists for works of Soviet scientists. 


Most foreign scientists showed great inter - 
est toward modern Soviet geologic literature. 
In West Germany, as well as in England and 
France, as previously noted, some scientists 
study the Russian language and read Russian 
literature in the original. Foreign scientists 
expressed hope for a further consolidation of 
relations with Soviet scientists. 
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